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PREFACE 



TO THE FIRST EDITION. 



The present Work makes ita appearance under many disadvantages. The fcircumatance of having been pub- 
lished in monthly numbers furnishes, of itself, an explanation of many imperfections ; for it can hardly be 
expected that works produced under the exigencies of periodical publication should be distinguished by the 
perfections which belong to literary leisure and fastidious elaboration. The time which the practical engineer 
can devote to literary undertakings must, under any circumstances, be inconsiderable, and the late pressure in 
the engineering world has further abbreviated this precarious leisure. 1 have been obliged to confide the greater 
portion of the theoretical part of the present work to some matheniaticai assbtante, whose algebra has, I fear, 
sometimes risen to a needless luxuriance, and in whose superfine speculations the engineer may perhaps discern 
the hand of a tyro. The makers of steam engines, again, have, for some time past, been so overwhelmed with 
work, that the drawings and other particulars of their machinery, which they had signified their willingness to 
funush, ihey have in some cases been unable to send early enough to come in at the proper place ; and faults 
of wrangcment have been rendered inevitable by these iiTegularitiea, which I could neither rectify nor control. 
I do not mention these impediments to a more perfect execution as an excuse for any faidts tlie work may 
contain, which I am sensible cannot be materially extenuated by such picas ; but I wish merely to suggest, 
that the demerits of an author or editor are not fairly measurable by the demerits of his work, when many of 
tluMe ftiulta have had their origin in the unpropitious circumstances of its production. In spite, Iiowever, of 
its imperfections, I believe that the present Treatise on the Steam Engine is likely to prove the moat useful yet 
published ; and it is the only one, I believe, wliieh can be regarded as of a really practical character. Although 
falling far short of my conceptions of what such a work should be, I believe that it substantially fulfils the 
promise held out in the prospectus; and having now collected the rough materials, I trust to be able, should another 
edition be called for, to clear them of tlie dross by which they arc now disfigured, and present them in a form 
that will in some measure justify the public approbation. In the hajste of publication several errors have gained 
admission, the more prominent of wliich are noticed in the errata. I am by no means insensible to the imjxjrt- 
ance of rigid accuracy in works of any scientific pretension ; yet, inasmuch as I believe the errors of the present 
work will be found to be errors, not of ignorance, but, at the worst, of haste or inadvertence ; as they inculcate no 
false views, involve no dangerous fallacy, and, for the most part, carry their own correction, I believe that 
they cannot materially diminish the utility of the work, or impair the authority of its statements. 

The success of the present work, in a commercial sense, lias long been put beyond doubt by the circu- 
lation it has reached ; and from the press it has received a greater measure of praise than, I fear, its merits 
justify. The preliminary and practical portions of the work have, for the most part, been executed by mc, 
the disquisitions upon the slide valve and parallel motion are taken from the " Artizan," and other portions of 
the work are by various members of the Artizan fraternity. In the practical part of the work I have been able 
to obtain but little assistance from previous authors, and many of the subjects discussed are now brought for 
"the first time before the public. Mr. Farcy's work, though of great merit, gives but little information of any 
^ind touching modem engines ; and Tredgold's work is chiefly noade up of mathematical sublimities, which have 
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but little relation to practice. From this judgment must be excepted the admirable description by Mr. 
Stephenson of his locomotive engine, contributed to Tredgold's work ; but the utility of that description is 
diminished by the changes introduced into the locomotive engine since the time it was written, and by i 
8|>cciality, wliich, in the first instance, was its highest merit. The treatises of Dr. Lardner and Mr. J. 
Ku8»ell upon the steam engine, though most creditable performances, come scarcely under the denomination | 
firoctical works, and the same remark applies to the treatise by Pambomr ; so that the domain of practical det(i 
api)ears to have been but little explored by eugineering authors, or, ii* explored, the public have not profited t 
the research. The practical part of the present work may, therefore, be regarded as a first attempt ; and 
the difficulty of the undertaking be consequently greater, so should the lenity be with which it is regarded. 

To the leading engineers of tbe country my acknowledgments are due for the drawings they have fumialii 
and the many aids tliey have lent to the present undertaking. 1 have also to acknowledge the kind aidfl 
encouragement affordetl by Sir Robert Peel, through whose friendly offices Her Majesty's patronage waa h 
given to the work, and through whom the permission is now conveyed for its Dedic4ition to Her Majesty. H 
Artizan claaeea will, I am sure, appreciate these courtesies — for to them are they addressed. 



JOHN BOUBl 



ApiiL I84S. 



POSTSCRIPT. 

The number of OOpies originally printed of this work having been all sold off, and a fresh supply 
wante*!, I have taken the opportunity of revising the stereotypy plates, and introducing such correctii 
improvements as were practicable under the lunitatlons to which any change had to be restricted. Thei 
enumerated in the errata of the former issue have been corrected in this ; and the various parts of 
now harmonise better with one another than formerly. It was my intention to have introduced 
of » very practical nature about oscillating engines, screw propellers, and feathering wheels, but I fo 
an episode would swell into too large dimensions to be admissible, and I must now reserve what I have 
upon these topics for a supplementary work. 

X BOURN 
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A TREATISE ON THE STEAM ENGINE. 



PRELIMINARY DISCOURSE. 

ncBATiSB on the Steam Eni^ine would, we suppofte, hnrdly be reckoned 
odox if it began in any other wuv than with an account of the doings 
trerj, Papin, &nd ttit; oilier patriarchs whose names figure in the 
irr of steam invention, The devices indeed of these ancient worthies bear 
r little resemblance to the modern steam engine, and can throw but 
t light a[Kin its structure or incMle of operation ; but it was ont of 
t primitiTe contrivances that the modem steam engine arose, and they 
Vt% BuRicient dignity fVom that relaiiooship to malie them the obj(.>cta 

just curiosity. We think, therefore, that some slight sketch of the 
sdiont* emplnyed in the yarly career of steam impr<>Tenienl is but a 
Dimble prelude to a Treatise on the Steam Engine, and is indeed indis- 
wble to the integrity of such a work : But we fear our qualifications 
he task are by no means so conspicuous, for delineations of this kind 
ire a light and graceful pencil, and become int4jlerable in the hand of 
Jgar limner. The great art lies in saying just as much as the necessity 
^ case reqaires, and nothing more ; for a history of the steam engine 
le least important part of a treatise on that snbject, and only deserves 
Ice answerable to its insignificance ; whereas by needlessly exfianding 

part of the work, or by elaborating trivial schemes into importance, 
proper subordination of objects is destroyed, and all those discriminating 
« arc obliterated which constitute the excellence of the picture. To all 
we must odd that people in these utilitarian days have neither time nor 
nation lo listen to long-winded descriptions of exploded projects in 
a machinery, though they might like well enough to know something 
le nature of those expedieDis if it can be told them in a few words: 
they are not likely to perplex themselves with such inquiries as, whu 
forced water above its level by steam pressure, or solicited it to rise 

partial vacuum ? and to say tlie truth, such inquiries appear to os of 
t as much importance as the researches of those learned grammarians, 
spend a lifetime in restoring a dative Case, or adjusting a metre or au 
at The task, too, of resolving these frivolous problems is quite as 
• 08 a one as that undertaken by the learned persons aforesaid; for 

having ascended through history, by a most toilsome progress, to the 
person guilty of disturbing the equanimity of water by steam pressure, 
luide of some learned recluse who flourished in ancient times in China 
oj be, or Japan, will probably rise up with proofs of a still higher 
itjT, and the idol just set up for aniversal adoration will be cast into the 
by this new authority, to be overthrown in its turn by the researches 
l)«C4)uent enquirers. The fact appears to be, that the power of srcam 
M water above its level was widely known in very ancient times, and 
Ta to have been occasionally employed by the Greeks and Eg^-pijans 
■▼iol, or rather for unworthy, purposes ; But it is in modern times only 
t*«m has been adapted to ends of weight or utility, and the history of 
Hua engine properly begins with that application. 
S not to be expected that the historical narration on which we are 
♦o enter should contain much that is new. The facts with which we 
»e«e««arily deal have often been stated before, and we believe now 
Neither of mnch increase nor modification ; hut it is not imp<issilde, 
nk, to set these facts in tmer lights, and to deduce from them sounder 
laions than have yet been realised. It appears to us to be a vice of 
Commentators, that they have attached too much importance to the 
of individual projectors, and have estimated at far too low a rate the 
it intelligence of the time, of which indeed the proficiency of those 
i persons is to be regarded as merely the exponent. They have set 
J'lie early progress of the sti .m engine as due altogether <o the per- 
'tv and contrivance of a few soliury adventurers, without hinting 
^me part of it might reasonably be ascribed to that spread of informa- 
><i general advancement of knowledge to which that progress is in 
■Plainly attributable. The consequence of this fault is, that a host of 
•ors arc made to ' shine aloft like stars.' whose merit, when tested by 
Oeral information of their own time, fades into insignificance. They 

it is true, in the van of improvement, but the eU-vution due to the 
>^ state of society is measured as a port of their intellectual stature ; 
la^ile they are escit pre8«>nted to the imagination like a precipice start- 
^*^ptly to the skies in solitary and awful majesty, they are in tmtb 
■o be regarded as so many heights, which, whatever be their absolute 
Ia, rise only a few feet above the other heights around them. It is 



absurd, therefore, to seek to elevate any of the early projectors of the 
steam engine into greatness^ for they were one and all persons of only 
ordinary mielligcnce and assiduity, of which every age has prodoced its 
thousands ; and the progress they made was owing rather to the natural 
flow of events than to any great genius or foresight on the port of any one 
of them. It is still more idle to set down any one of these persons as the 
inventor of the steam engine. Great inventions are necessarily of a slow 
growth, and arc rarely the produce of individual minds, but require lime 
and experience as well as ingenuity to bring them to maturity, and indeed 
the happiest steps are sometimes the effect of accident In the intellectual 
as in the material world, the most precious productions are those which 
cannot spring to perfection at once, and it would be as reasonable to inquire 
to what refreshing shower, or to whot gleam of sunshine, the stature of a 
stately oak is attributable, as to what individual mind we are indebted for 
the creation of our modern steam engine. The exertions of different 
minds are merely so many agencies that have been happily conducive to a 
great result ; and it would he as jost to assign the invention of our 
modem men-of-war to Jason, as to assign the invention of the steam engine 
to Savery or I)e Cans. 

But whatever be the merit that is due to these * sons of notoriety,' it is 
we think divisible only among those of them who have been instrumental 
in working oat some practically useful result The mere men of specula- 
tion, who have suggested modes of doing things, but have never done them, 
are not to be ranked with those who have really accompliBhcd something, 
in a case where the whole difficulty of the task lies in its practical achieve- 
ment. Whatever else these ingenions persons may be, they are certainly 
not among the number of the improvers of the steam engine ; and their 
claims, if to be considered at all, ought in strictness to be considered as the 
claims of a distinct class of persons. Nor can the merit of sach a class, 
under ordinal^' circumstances, be considerable, for there is nothing more 
easy than to originate vstgne ideas of improvement, though it is gencrallf a 
very diificult thing to carry those ideas mto succes8f\il practice. M. Arsgo, 
however, and his followers it seems, have set the steam engine down as a 
French invention, because Solomon de Cans first adopted the idea of steam 
as a motive force, and Papin snggtxted the appticntion of (he cylinder and 
piston. It would be as reasonable, in our apprehensiim, to set down the 
bftttle of Waterloo as a French victory, because Napoleon adopted the idea 
of fighting it ; for the question in all such coses is, not who first adopted an 
ideal result, but who actually realised that result in practice. The scheme 
of Solomon de Caus was neither useful nor new, and Papin 's project « as 
so impracticable, that he himself abandoned it in favour of Savery's scheme. 
We have no evidence that either of those persons ever completed an engine 
of any kind. Papin's scheme, as he first proposed it, was worse than the 
previous project of the Marquis of Worcester, for it was without a boiler j 
and aAer several gyrations he certainly left (he steam engine in as imper- 
fect a state as if he hnd ne»'er meddled with the subject If, therefore, we 
were disposed to retort upon M. Arogo his pitifol nationality, we might 
with some plausibility say that his proofs onl^ show the lamentable barren- 
ness of the French intellect; for the very ideas »hich, in the minds of 
Englishmen, have quickly grown up to a rich maturity, and ha»».- blessed 
all untions with countless new enjoyments, hnve, «heu implanted in the 
minds of Frenchmen, invariably failed to produce any usefnl result But 
this is idle. The steam engine hoppens, no doubt to be from fir^t to last 
an English invention ; but that result, we conceive, is not so much to he 
attributed to the sopcrior genius of the English people as to the force of 
circumstances, which made some such instrument ss the steam engine more 
valuable to England than to other nations. If France ha<l possessed valu- 
able mines lying under water, and at the same time an abundance of coal 
ready to be made inirtnimeotal for their recovery, there is every reason to 
suppose tliat the steam engine would have been a French invention ; and 
we think the consideration that our honours are the result merely of acci- 
dent, ought tt) reconcile that ingenious people to a priority it i« idle to 
contest No nation can be expected to excel another nation of eqiml power 
and intelligence in every thing ; and if it be the fact, as we willingly admit, 
that the French excel us in some things, they must be content to give a» 
the palm in others, one of which certainly is steam engineering. — There 
is no end, however, of these speculations, and we fear they are neither 
very captivating nor very convincing ; so that we shall here cut them 
sbortt and proceed without further preamble to the history of the inTentioo. 
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Prelimimarif DiMtimrae. — UerOf De Garajf^ Porta, De Cams, amd Bramea. 



Tmi iikt/jrj f4 Ihtt tuam *»i[ia^ h 4irmhit iatff %rt gnat rpodm. The 
ira(4r>fta<d*Tr'4n tk« ttaMS '^ Um aacieat* to the fintcfretoaltpplicstMaof 
tm SfA^ft, aki^ii tf^am t/< b»Tc bwrn aMwnplufaMl bj Uw; Mjrqou of Wor- 
'>w«r, awl it *M tiiM M*|rfe Mep tfckt t«rb«4 tb« tMV» of Hero ud De Caoa 
t%f/t ft t/ V M/1 iM«f«J «MMn «b9>ae Tbe mcmi^ ciKicb is di«inginilied bjr 
t«»» «itf»/y»M«t «^ ft *ai!:^«M as fta ft«l t// the timpLe preMare of tiie itrftiii. > 
Y <•* ^./^ •f.otrfa r<iriM«i f/ ttkc M«c«Wal ^pikatioB <rf the cylinder. The 
f wrf« (/< tfciir *^nAtM>M^0ii >A thts vu^am bj iajectioo, to the moreneot of I 
«twir iftlfM h^ tbt nii^utt!, ftad t/> tb« vftfi/M* 'uufirttrtmieaU in detail, vbich | 
»«r'r tarridtA ibt/« cffiwi l>; *ttA«ftt//n. The Mb cprth i* tfaftt diiitiiigiu»h<4 j 
(/jf tJUr t^nMiffU '4 th' 'VfTf/ienwrr, ftitd tlte other inpruvemeutt of Watt, 
• IrMh )>nit|r* 4<nrn the bitf /rf t/» 'onr 'r»D tiin««; a* tioce the $t»4in engine 
kft fJwt haivt '/f Walt, nr> impr<>ver»>rrit ior^iltiag ft new principle baa been 
addixl l/< tlMr iut, t'lfUcr each '/f th«*e beads ve bare a few obaerratioo* 



fmfi% tiiK, TTHEa or Tire Ancieirra to trk i<iTBoi>ccTiuN or tke 
rinvr rkftsiJiLK irri(ft« kxuimk. 

Tm av:i4mu W^r f> hare bad very vaijae notioiu ot the natare of 
iO'»tu Trie/ twlieved in tke exittence of only four elements — fire, air, 
fvtii, »iA water ; and thnriKht thai water was turned into air when dis- 
sipMtrd by evapr/ratjon. Thiu I'Ut'> says, " Tbat which we now call water 
\Mtiutm** a« a M/ffie, </r v/lid, but being melted and difTiued becomes gas or 
arr ; " a/<d it was the prevalent wAum <4 his time, and of many subsequent 
atrM, that water is turned \nUt tit by heat In consequence of this mis- 
tutUKt^vm, it is 'fften difficult u> understand, in the dacripUon of ancient 
Mi«amatic ry/ntrivances, wk<rther steam or air was the moving power, and we 
nave indeed generally in fiirm oor conclusion on this head from the nature 
of the arrangement. We have, however, very clear evidence that both 
strain, snd air <'i(>«rid<'d by Iteat, were oAen used by the ancients as motive 
f»'/wer4, and vnut 'if the exptrdienis employed for that purpose are of con- 
n-itnUlf. cl^'xai'''". In a wwk which has been often referred to, entitled 
HuinialM w.it J'Heumttttru, written by Hero, a philijsopber of Alexandria, 
avMt inn year* U-fiirv the Christian era, a variety of devices are set forth 
fiif eirvatiug liquids, and obtaining rotatory motion bv means of air and 
sieain, f/f which we shall Mily enumerate those in which it is beyond doubt 
•learn was the agent. The first of these is a method of causing wine to flow 
ff'Hu the hsiidii i/f efllgii^ set tieside an altar, after the Arc upon the altar has 
b<-<'u lighterl, A steam-tight vessel or vase, containing wine, is placed within 
eai'h effigy, snd the altar is made hollow, and is partly filled with water, 
t;<'nt pipes being cmducted from the space above the water in the altar to 
ih« s(>a/tes aliove the wine in the vases, and other tubes again being led 
fnnn berteath the level of the wine in the vases to the hands of the effigies. 
WIk'ii, tlwri'fore, says H«ro, you are about to sacrifice, you must pour 
into the tulHts a few drops, lest they iihould be injured by heat, and attend 
til every loint, lest it leak i and nt tliu heat of the fire mingling with the 
water will iiaas in an nirrial state tliroiigh these tulics to the vases, and press- 
ing (in th" wine itiakn it puss through the bent syphons, until, as it flows 
fnitii the hamls of the living creatures, they will appear to sacrifice as the 
altar continues to burn. 

Tlie liislruincnt fur the [iroduction of rotatory motion is one of great 
ingunuity, and has all the qualities of a true and efliciutit steam engine, 
eii-ept its sisi'. This instniinent is called the ilMjlipik-, and is identical in 
all its nialerial features with the engines lately constructed by Avery in 
America, and lluthven of F^linburgli, in this country. These engines are 
more iiX|M!iiaive in st«'ani tlutti ordinary engines, and travel at an incon<- 
venlent siN'etl i but in other rcK|M>cts they are quite as eflectual, and their 
roiistructKiii is extrciii<-|y Nitn|iU< and inux|)en*ivv. 'J'he substance of Hero's 
rtH'Ipe for the construction of an /Kolipilo is this. IaiI a boiler be set on the 
flre, and nearly filled with water, and let its mouth be closed by a cover which 
Is plaravd hy a b«*nt tulw, whose extremity fits exactly into u hollow sphere. 
Hut at the opiHMJte end of the diameter (of the sphere) let there be an iron 
Ksia aup|N>rli<d fhmi tiie top of tlta cover, and let the sphere have two bent 
|ii|ies at thn ends of a Uiaineter of the sphere, perforated therewith, and 
lient round in opixisite directitms i and let the bends make right angles, 
and Im< in (he plane pcr|H>ndicular to the axis. Then it will follow that the 
iMtller buing heated, the vajKmr pouing through the tubes into the sphere will 
rush out through the reversed pipes, and whirl the sphere round on itsaxi& 
Hero sperlfles another niudiflcation of this instnmicnt for giving motion 
If) automaton flgtin>ii, so as t«) induce the idea of supernatural intervention 
among the su|M>rstitt»tut nmliitude by whom the heathen temples were tn- 
queutetl I hut horti heaKnl air. Instead of steun, is made the jtrimvm mobile, 
ill onler that the inciting |Miwer may he invisible. There is no doubt that 
piieumalleal c(mtrivanc«<s were extensively employed by the priests In 
aneleiil times for deluding the people, and it is easy to conceive that such 
treatises as that of Hero, which discovennl the nature of those pious fhiuds, 
must have been the occasion, at the time, of infinite scandal. The cele- 
bratetl ululue of Memnon, which uttered sounds every morning at sunrise, 
was, no doubt, imiehtetl to some such artifice as one of those described by 
Hero ft»r Its mysterious power. Very few of the devices he mentions are 
i^f hi* own invention, but nt<Mt of them exixted for ages before his time, 
itllhiiu);h the Kno«l(><lgti of their structure and mode of oiwration appears 
to have Ut,<ii euiiflued chiefly to the priests. 



On the revival of classieil leaming throogfaoas Godiie Europe 
vi Hero aurftcted earnest attentioa. aad sevciral trans^aiioDS of it « 
which aflbrded an early exercise to tike inftct ait of printiii^ 
ledge <4 the expedients of the andeot ntcchaiucians was thi 
diifoaed, and it was probably ooe of them that was r«:prodaeed in 
1543 by Blatco de Garay, a scft-eapcain. for the pn^nLuoo of veasi 
eootrivaace, whatever may have been iu rval nature, appears to h 
Tcry eflectoaL Commiasiooers were appointed by the Emperor C 
to test tiie invention at Barcelona on the I7th of June 154^ and ' 
was that a ahip ot 200 tons harden was propelled by the madii 
rate of three miles an hour. Nothing further is known of the 
than that the vessel was propelled by paddle wheels, and that th 
force was derived from a boiler containing water, which, it was 
liable to explode. It appears onaccounuble that after the saceess 
realised by Garay, im> further step should have been taken respt 
plaiL He was rewarded by the Emperor, and promoted into a h^l 
but his ingenuity does not ^>pear to have been ever turned to a: 
account, siod his scheme was never introduced into practice. 

The various works on mechanics, published about the close of 
teenth century, are fiill of expedients for the elevation of water i 
those of Hero, but much less refined ; and Bapiisu Porta, in his 
Pneumatics, published at Naples in 1 60 1, incidentally makes mi 
the following contrivance, not indeed as any discovery of his < 
merely as an arrangement of convenience, in an experimtrnt for asc 
the relative bulks of water and steam. " Construct a box of glj 
having a hole at the bottom through which is intrudticed the neck u 
containing one or two ounces of water, and let the neck of the fla 
luted to the bottom of the box that there be no leakage. Near th 
of the box let a pipe a&cend, but at such a distance from the bott 
permit the water to get out, which pipe passing through the corer 
a short distance above it The box is to be filled with water by an 
which is afterwards to be closed up, steam tight This being do 
the flask upon the fire, and as it becomes slowly heated, the wa: 
gradually dissolved into air will press upon the water in the box. a 
forcibly against the water which issues through the pipe, will no 
and if we continue the heat the whole of the water subjected to 
evaporated, and during such evaporation the air will constantly pr 
the water in the box, and the water will consUntly spring fron 
similar arrangement is mentioned in a work by Solomon de Caub, 
of Normandy, or at all events a Frenchman ; not for the phil 
purpose mentioned by Porta, but merely as an illustration that wat 
be raised above its level by fire, a truth known from the remotest i 
The work of De Caus, to which we have referred, is entitled La 
de* Force* MouvanU* avec divene* Machines tant utile* que plaitani 
1623. This work is dated Heidelberg, 1615, and the first edition 
to have been published at Frankfort: it coOtuins the followini 
several other theorems of equal insignificance : — " Take a ball of co 
soldered at every part ; it must have a vent-hole to put in the w 
also a tube which is soldered to the top of the ball, the end of « 
proaches near to the bottom of the ball without touching it. Aft 
this ball with water through the vent-hole, stop it close and put 
fire ; then the heat striking against the ball will cause all the watc 
through the tube." De Caus also mentions a scheme of a solar foun 
it as well as the preceding, are merely clumsy imitations of son 
contrivances described by Hero. He gives the following illustrati 
g^eat force of steam : — " Take a ball of copper of one or two feet ( 
and one inch thick, which being filled with water by a small b 
sequently stopped by a peg, so tlut neither air nor water can esc 
certain that if the said l»ll be put over a great fire so that it maj 
very hot, it will cause so violent a compression, that the ball will 
tered in pieces." The great force of steam, however, was very wd 
to the ancients, who even went the length of ascribing earthquake 
up vapours, generated by subterranean heat ; and for ages the lime 
of Italy had been obliged to be careful of introducing hollow li: 
into their kilns, as the water within them, when converted by the 
steam, caused dangerous explosions. M. Arago, however, tells us 
ideas of the ancients respecting the force of steam had never rea< 
thing like the numerical appreciation realised by such experiments 
of De Cans. We confess that we are at a loss to understand whe 
numerical appreciation can consist for although De Caus or Rivt 
have ascertained that steam will burst a certain ball or bomb, tb< 
ascertained what sort of ball or bomb steam will not burst so < 
did not establish any limit to the power of steam, but only showed 
capable of very powerful effects This, however, was known long pr 
and in attributing to the force of pent up steam even such stupead 
motions as earthquakes — the upraising of continenis and rending 
of mountains — the ancients must have bad at least quite a.s nia^ifi( 
of the force of that mighty agent as is to be afforded by the burs' 
ball or bomb, and we cannot perceive in what way an experiment e: 
any thing which only proves that the power of an agent is adeqa 
production of effects far more paltry than are known to be within 
of its capacity. 

A contrivance for obtaining a rotatory motion from steam is des 
Giovanni Branca, in a work published at Rome in 1629, en 
MackiAe-, volumt Mtovo et di mtdto artificio da fare ejfetti au 
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to di animate nperiitione. Tliis contrivance consists of 

with boardH net round its periphery, after the manner of 

let wheel, agiiinsC which a jet of steain proceedirif; from n 

impinge, thereby forcing the wheel into revolutiun. An 

plan would oecetMarily be very ineffeetuai, and would indeed 

mferior to the jfk>lipile of Hero, for although it is undouhiedly 

bat the power of sleain issuing fk-om an orifice is expended in 

locity to its own particles, and ought therefore, theoretically 

to be agnin surrendered by those particles durinn- impact, yet 

; cannot be realised in practice, and the f^*^' velocity at which 

reqttire* to travel, makes the scheme perilous and impossible. 

VW, howcTcr, has during the past year revived this species of 

d has takeo oat a patent for the particular arran^ment he pro- 

Bi eD|;ine is describtKl and delineated in the first volume of Thc 

and the causes are there pointed out, with coaiiidenible fulness 

which must pmhihit its suceCM, 

bole of the contrivances we have hitherto enomenited are mere 

tl toys, and although not incapiihle of useful applications, they 

lly to have heea employed to excite the wonder of the ignorant, 

nerer uied for any serious purpose. To this jud^ent indeed 

aery of Blasco dc Garay is an exception, for in that case, if the 

kich hare reached us may be relied upon, a useful result was 

|Iy realised. Yet this re.tult contributed nothing to the success 

Itly reached, and is rather an episode in the history of gteam im- 

ihiin a link in the chain of progress. The trial of De Garay 's 

f indeed wns a mere experiment, a gucce^sful cue it is true, but 

theleKs which was barren in its effects, for in a few yean all 

n of the achievement Irnd become obliterated, and the contrivance, 

night be its merits, was certainly never reduced to successful 

It appears extremely probable that the machinery employed by 

was merely the oncient iEolipile on a superior scale of mag- 

• th« low state of the mechanical arts in his time, and the small 

J refinement to be expected of a sea-captain, equally discourage 

lat he should have reached any very exquisite or difficult kiud of 

B. It is idle, however, to speculate on such a subject, and we 

efore rest content with the certainty that the scheme of this enter- 

ersoii was never brought into practice, and that up to the epoch 

ire have now arrived no tuefiil application of steam power to the 

of life had been accomplished. 

at name on our list is the Marqnis of Worcester, who in I GGS 
la pamphlet addressed to King Charles II. and the English Por- 
tntitled " A Century of the Names and Scantlings of the Marquis of 
it's Inventions," with the view to obtain the aid of government for 
ICcatjvn. Among many ingenious and some fantastic and preposte- 
bes, we have the following fire water-work, "An admirable and most 
|ay to drive np water by fire ; not by drawing or sucking it upwards, 

Bttfit be as the philosopher colleth it 'infVa sphirrain ftciiTilaiis/ 
ml at ftuch a distance, but this way hath no bounder if the vessel 
I enough ; for I have taken a piece of whole cannon, whereof the end 
I, and filled it three quarters full of water, stopping and screwing 
m end, MS also the touch-hole, and making a constant fire under 
B twenty -four hours it burst, and made a great crack, so that having 
make my vi.>$sels so that they are strengthened by the force within 
1 the one to fill after the other, I have seen the water run like a 
iiboDtain Rlt*ain, forty feet high. One vessel of water rarefied by 
:h np forty of cold water, nud a man that tends the work has bat 
o cocks that one vessel of water being consumed another begins 
d re-fill with cold water, and so successively ; the fire being 
kept constant, which the self-same person may likewise abun- 
"orm in the interim between the necessity of turning the said 

feasible scheme for raising water by steam power that 
and it is in that application uat the modem steam engine 

fin. Previous projectors had in no way improved upon the 
eaoribed by Hero, and indeed ia by far the migoritv of eases 

'ent had been retrograde ; but in the Marquis of Worcester's 
we have an engine of respectable efficacy applied to a weighty 

dfhim his time the progress onward has never been intermpted, 

ement has followed upon improvement, nntil the steam-engine 
pie what we now find ic It is idle to say that the Marquis of 
tr's project was only a reproduction of tliat of De Caos. The 
Bt of De Caus was a mere toy, not intended, and certainly not 
br any purpose of practical utility, whereas the Marquis of >Vor- 
imeniteii many important practical ate^ to which his engine might 
S. and many of thero it certainly would have been perfectly eom- 
'compfess. In another part of his Century he says that his water 
by many tears* experience and labour so advantageously by me 
, that m child's force bringetb ap an hundred foot high, an incre- 
Ditty of water, even two foot diameter, so naturally, that the work 
ie heard into the next room, and with so great ease and geometrical 
f, though it work day and night from one end of the year to the 
Hill not require forty shillings' reparation to the whole engine, iwr 
le day's work, and not only with little charge to drain all sorts of 
id furnish cities with water though never so high seated, as well 

them sweet, ninning through several streets, and so performing 



the work of scavengers, as well as (uroisbing the inhabitants with suffi- 
cient water for their private occasions," 

It appears verj- clear from these descriptions that the Marqois of Wor- 
cester not only hod succeeded in making a powerful and effective engine, 
but hod arrived at a very just conception of the important ends such a 
machine may he made to fulfil. None of the contrivances before his 
time wiTe provided with means to make their action continuous, and the 
in.strument of De Cans, so far fVom being adapted to raise water from a 
mine, or for the supply of towns, had merely the power of emptying itself 
of the bulling wafer with which it was filled. Indi>ed, it nppean undeni- 
able that the Marquis of Worcester was the first person, so far as our 
present knowledge exlcnd-s by whom "a water-commanding engine" of 
any jiower or utility was constructed, and he seems to have brought his 
contrivance to nearly all the perfection of which that species of engine is 
susceptible. I'here is no evidence that he made use of the atmospheric 
pressure ns an aid to the final effect, but he seems perfectly conscious of 
the applicability of that agency, and indeed speaks as if sach nn application 
was very well understood in his time. We are not aware that there is soy 
drawing extant of this machine ; and the various hypothetical deliueatioiis 
of it that we have seen err. we think, in representing it as provided with only 
one boiler, for there 'could not in this kind of engme have been any feed- 
pump, and in the absence of that instrument two boilers must have been 
indispensable to make the action of the engine continuous. Besides the 
description says, that "one vessel of water being consumed another beeiac 
to force, and refill with cold water," which we lake to mean that wlm 
the water of one boiler was evaporated it was filled up with cold water, aitd 
the other was in the meanwhile pot into operation ; the water in the bi>iler 
last filled having again become hot before that in the other was exhausted. 
One of these engines appeara to have been set up to draw water out 
of the Thames at Vauxhtdl, and is thus spoken of by Cosmo de Medici, 
who inspected it in 1653. " It raises water more than 40 geometrical feet by 
the powrr of one man only, and in a very short spo«e of time will draw up 
four vessels of water through a tube or channel not more than a span in 
width, on which account it is considered to be of greater service to the 
public than the other machine near Somerset Hoose," which last w»s one 
driven by two horses. We should be disposed to infer from this account, 
that the principle of the atmospheric pressure was employed in this engine, 
for it is difficult to see by what power, other than suction, the neces»ary 
rapidity of motion could be givpn to the water in the pipe leading from the 
river to the engine, and which would appear to be smaller than the pipes 
applied in other coses. 

We have now, then, brought the history of the steam engine down to the 
point at which its application to purposes of utility begins, and wc believe 
most of our readers will concur with us in the opinion that the Marquis of 
Worcester's " water-commondiog engine " was the first machine moved by 
fire of efficacy and permanence. To it, indeed, the pedigree of the modem 
steom engine is easily traceable, while between the epochs of Lord Wor- 
cester and of Hero nothing appeara to have been contrived of novelty or 
merit in this department of ingenuity. We are not disposed, however, to 
attach any great merit even to Lord Worcester's contrivance, for it is 
dedacible, without any great stretch of the imagination, fnm the schemes 
of Hero ; and indeed there is very little doubt that the ancients would hare 
realised a very effectual steam engine if they only had possessed mines 
that required to be drained, and coal to bestow on such a purpose. It is ro 
the force of circumstances chiefly that the superior proficiency of the present 
agv in such devices is to be ascribed ; and we hold it vicious in principle to 
confound this impelling power with tlie ingenuity appertaining to particular 
inventors, and which nature dispenses with wonderful unifonnity to all 
generations. 

rROM TH£ INTBODlTCnOR OF THE rilUT DSGFITt. BTKAH CHCIHK TO TBK 
APPLICATION or THE rtlUICIFLE Or A TACPUM. 

We have already hinted oar belief that the method of raising water by 
the action of the vacuum, or to s])eak more pmperly, by the atmospheric 
pressure, was not unknown to the Man^uis of Worcester, and that in one 
of his engines erected at Vaoxhall that agency was probably employ«l. 
We have no proof^ however, that such was the case ; and in the description 
of his engine in the " Century of Inventions," he certainly disclaims the 
use of a TBCnom, at least as a chief agent. Li the engine of Captain 
8«very, however, of which we must now say something, the plan of a 
vacuum is introduced with much effect, and instead of the water in his 
engine being forced np ail the way by steam pressure, the receivers, or 
forcing vessels, arc situated thirty feet above the level of the water, to 
which height the water is drawn by the vacuum created within thcni. As 
the principle of the atmospheric pressure is one which bears much upon 
this inquiry, it may be worth while to say a few words respecting it. 

It was maintained by the greater number of the ancient philosophen 
that the existence of a vacuum was impossible, and was abhorrent to 
nature. Galileo was the first to suspect that the horror attributed to 
nature wss imogitiary, or was at least confined within limits of no very 
wide range, for on the application of a pump to a verj- deep well sunk by 
the Grand Duke of Tuscany at Florence, it was found that the water 
would not rise more than thirty-two feet, leaving the upper part of the 
pipe empty, from which Galileo inferred that Datura's horror of a weaiuL 
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<li'l not extend beyood the aoiipaihy of tbirty*two feet of water. The tpc- 
calatioiu of UalUcu were proaecttted aJicr bu death by bis pupil Torricelll, 
who, in 164S, diiicov>:-red that the elfort of any fluid open to the atuio- 
tphere to enter a vacuous space is owing to the picture of the iur u|ioq 
bodies on the earth'* surface. Thi» discovery gave a great iuipuUe to 
mechanical ingenuity, and many schemes were contrived to tnoke this new 
i^nt BTailaSle as a motive power ; bat the first of these prnjoclR that 
appears to have been of auy avail waa the fire engine of Captain Thomas 
i^very, who produced a vacuum by condenniug steam in close veuels, and 
then applied the vocumn so obtained to the elevation of water. Savery, 
bowrrer, alto made use of the elastic force of the steam after the manner 
proposed by the Marquis of Worceitter ; but he made the pressore of the 
atuKMpbere carry Ibe water op the fii-H stage, which the Marqui« of M'or- 
.ceRcr doet not appear' to have done, although there must have been a 
racwun created in nis tvoeiren as effectually as in those of Suvery, occa- 
8ione«l by th<t eAi)don«ation of the steam on the entrance of the cold water. 
Savery obtaii^ a patent firom William IIL "for raising water, and occa- 
sioning motion to all sorts of mill-work by the impellent force of fire " in 
I69S -, and tor several years thi-rrafier \\v up[H-ars to have been actively 
engaged in getting bis eagine iutrciduced into practice. In I'ui he pub- 
lished a small work, called the " ilini'r's Friend," in which he give* the 
following account of the structure of his engine, and of the mode of its 
operation : — 
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"AAtheAinuuMwbielieoelMitkebailtn: Bl, Ra tie two fire-plaeea ; 
C th« funnel, or ebimory, m\SA ii ««™*wr» to both fhmarea. In thcM two 
AiniacM are placed two v «a a tb of copper, which I call boilers, the otw 
lirg«i M t„ the other small, as D : D the small boiler contained in the fur- 
aaea, which is heated bT the ftrv at B S ; E the pipe and cock to admit cold 
water into the small bo'ilrr to Cll it ; F the' screw that covers sjid confines 
tlM Cock E to the top of the small boiler ; G a siull gauge cock at the top 
of apipr, going «ttUB«^iiiMhctOfti>r bottom tif tbe small boiler; H a 



larger pipe, which goes the same depth into the small boQer ; I a dadtl 
v&lvc at the top of the pipe U (opening upwards) ; K a pipe gn>i>g^ < 
the box above the said clack or valve, in the great boiler, and pasain^i 
an inch into it -, LL the great boiler contained in tbe other fvmaiot, whkk' 
is heutcd by the fire at B 1 -, M, tbe screw with the regnlatori which ii 
moved by the handle Z, and opens or shuts the apertures at which dBi 
steam pusses out of the great boiler into the steam-pipes OO t K n 
guuge cock at tbe top of a pipe which goes half way down hkto the 
boiler; 1. 2, steam-pipes, one end of each screwed to the 
the other ends to tlie receivers PP, to convey the steam fVom tbe 
boiler into those receivers ; P I. P2, copper vessels called receircn, wl 
are to receive the water which is to he raised ; Q screw joints, b]r ' 
tbe branches of the water-pipes are connected with the lower paita of 1 
receivers ; R 1, 2, 3, and 4, valves or clocks of brass in the watFr-prpa^ 
two above the branches Q, and two below them ; they allow the water is 
pass npwurda through the pipes, but prevent its descent ; there are senrw 
pings to take out on occasion, to get at the valves K ; S the forcuig-pi|a 
which conveys the water upwards to its place of delivery, when it iai 
out from the rvceivera by the impellent steam ; T the suckiug-pipe,1 
conveys the water up from the bottom of the pit, to fill tbe receiveral 
tion ; V a square frame of wiibd, or a box, with holes round its ho t lW l it 
the water, to enclose the lower end of the sucking-pipe, to keep aws^fit 
and obstructions ; X a cistern with a buoy-cock coming f^ra the forve-pi^ 
so as it shall always be kept filled « ith cold water ; Y Y a cock and pif* 
coming from the lK'>tt«>in of the said cistern, with a spout to let the coM 
water run down on tbe outside of either of the receivers P P ; Z the hanils 
of the regulator, to ntove it by, either open or shut, so as to let the MsM 
out of the great boiler iuto either of the receivers. 

Tht Manner <\f working the Engine. 

" The first thing is to fix the two boilers of the engine in a g«io4 
furnace, so contrived that the flame of the fire may cimilatc round, 
encompass the boilers to tbe best advnntage, as yon ' - for 

Before yon make any fire, unscrew the t«rn small . . ai 

O and N, bflonging to the two boilers, and at the h>. -, ... ;..,. grri^^ 
L two-thirds full of water, and the small boiler D quite full ; then 8CTe» ■ 
tbe said pipes again as fast and tight as possible, and light tbe fire uxkr 
the large boiler at B I, to make the water therein IxiiL, and the steam <f il 
being quite confined must become wonderfully compressed, and tbimftrt 
will, on the 0|)cning of a way for it to issue out (which is done br poihiBf 
the handle Z of the regulator as far aa it will go from yon ), nub wift s 
great force through the steam pipe O I, into the receiver P I. dnving atf 
all the air before it, and forcing it up through the clack R 1, into tbe rate 
pipe, us you will pt-rceive by tbe noise and rattling of that clack; ui, 
when all the air is thus driven out, the receiver P I will be very mwh 
heated by the steam. When yon find it is thoroughly emptied, uA* 
grown very hot, a« you may both see and feel, then pull tbe handle I W 
the tvgulator towards you, by which means you will stop the stem pt|* 
O 1, so that no more steam can come into the receiver P 1. but yon *d 
open a way for it to pass throngh the other steam pipe O 2. and by llrt 
means fill the other receiver P 3 with the hot steam, until that veasrl kit 
discharged its air through the clack R S up the force pipe, as tbe otWr 
yesMl did before. 

" While this is doing, let some cold water be poured on tbe first-menlioaid 
receiver P I, from tlie spout Y, by which means the steam in it ^e^ 
cooled and condensed, and contracted into a very little room, a vacuns » 
emptiness is creatt-d, and conitequently the steam pressing but very Hrff 
(if at all) on the clack RS at the bottom of the receiver Pi, theft il 
nothing there to counterbalance the pressure of the atTnospht.-re on HU 
.surface of the water at the lower part V of the sucking-pipe T, wbertfcif 
the water will be pressed np, and ascend into and fill the receiver P 1. 1 
what is commonly called suction : the water as it rises liOs up the clack ' 
valve R S, which afterwards falling down again and shutting close, 
the descent of the water that way. , 

" The receiver P '2 being by this time emptied of its air, posh the baafl* 
of the regulator from you again, and the force of the steam coming 6qb 
tbe great boiler will be again admitted throngh Q 1, and will act upoaT 
surfiice of the water contained in tbe receiver P 1 ; which rarfbc '" 
being heated by the steam, it does not condense it, but the steam 
tales or presses with an elastic quality like air, and still inci 
elasticity or spring until it conoterpoiscK, or rather exceeds the 
the column of water in tbe receiver and pipe S, which it will then 
mrily drive up through the passage Q R 1 into the force-pipe S. The MMB 
takes np aome time to recover its power, but it will at lost discharge tht 
water out at the top of the force-pipe 8, as it is represented in fig. X Altfr 
the same maner, though alternately, tbe receiver P3 is filled with wttff 
by means of the suction, and then emptied by the impi-IIent force of tW 
steam, whereby a regular stresm is kept continnolly ninning nut at top of 
the force-pipe S, and to tbe water is raised very easily fr<mi the bottna «f 
tbe mine, &c to tbe place where it is designed to he discharged. I ahodt 
add. that after the engine begins to work, and the water is risen into vtk 
hath filled the force-pipe 8. then it also fill.o the linle cistern X, and I7 
that means supplies tbe spout or pipe Y Y, which I coll tbe cwndenaiM 
pipe, and which bj its handle can be turned sideways over either of tka 
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g e e elre w, wul u Aat opaii by tliu ipoot cold water ia eoDveyed down from 
the fiNwe-pipe to fall iqpoa the oataide of either of the receivers when 
thoroogbly nested by the steam, ia order to cool and condense the steam 
witlua, and make it sock (as it it asully called) the water oat of the well 
vp into that receiTer. 

■* It is easy for aof one, that nerer saw the engine, after half an hoar's 
•sperience, to keep a constant stream t for on the outside of the receiver 
70B nay see how the water goes oat as well as if the receiver were trans- 
pamit : for as fkr as the steam coatinnes within the receiver, so ftr is that 
vessel dry without, and so very hot as scarce to endore the least touch of 
Ute hand ; but as &r as the water is vithinside of the said vessel, it will be 
ooU awi wet on the oataide when iny water has &llen on it ; which cold 
and moisture vanish as fltst as the steam in its descent takes place of the water. 
Bat if yon force all the water oat of the receiver, the steam, or a small 
put thoeoi; will go throogh the daek R 1 or R2, and will rattle that clack 
■o as to give notice to move die handle of the regulator, and then the steam 
Icgiaa to force out the water fWmi the other receiver P, without the least 
•Iteratioa of the stream, only sometimes the stream will be rather stronger 
than before, if you pull the handle before any considerable quantity of 
■team be got up the clack R : bat it is moch better to let none of that steam 
go ofl^ far that is but losing so much strength, and it is easily prevented by 
palling the regolator some little time before that receiver which is forcing 
u quite empti^ 

** This being done, torn the eoek, or eondensing pipe T of the cistern X, 
over the empty receiver, so that the oold water proceeding from X may 
mn doiwn throagh Y, which is never <^iened bat when tamed over one of 
the reeeivera, bat when it stands between them is tight and stanch. 
This cold water foiling (m the oataide of the receiver, by its coolness 
eaoaes that steam which had such great force just before, to condense and 
become an empty space, so that the receiver is immediately refilled by the 
external pressure of the atmosphere, or what is vulgarly called suction, 
whilst the other receiver is emptying by the impellent force of the steam, 
vhieh being done, yon push the hiotdle of the regulator firom you, and 
thns throw the force into the other receiver, palling the condensing pipe 
ovCT the receiver P 3, caoung the steam in that vessel to condense, so 
that it fiUs while the other empties — the laboar of turning these two parts 
at the engine, via. the regulator and oondensing water-cock, and tending 
the fire, bebg no more than what a boy's stren^h can perform for a 
day tiwcther, and is as essilv learned as their drivmg of a horse in a tab- 
gin. Yet after all, I would have men employed in working of the engTne, 
and those too the most apprebennve, supposing them more careflil than 
liOTS : the difference of this charge is not to be mentioned when we con- 
nder the vast profit which those who use this engine will reap by it. 

** The ingenaoos reader will here probaUy object, that the steam being the 
cause of this motion snd force, and that as steam is but water rarefied, the 
boiler L must in some certain time be emptied, so as the work of the 
engine must stop to replenish the bmler, or endanger the burning out or 
aaelting the bottom of the boiler. To answer which, please to observe the 
use of the small boiler D ; it is supplied with water from the force-pipe by 
a small pipe and cock E ; when it u tlMMight fit by the person tending the 
engine to replenish the great boiler (whien requires about an hour and a 
half or two hours' time to the sinking one fbot of waterX he turns the cock 
E, so that there can be no communication between the force pipe S, and 
the small boiler D, and putting in a litUe fire under the small boiler at B 2 
the water will there grow presentiy hot, and when it boils, its own steam, 
which hath no vent out, will gain more strength than the steam in the 
great bmler. For the force of the great boiler bein]^ perpetually spending 
and going out, and the other confined and increasing, it is not long before the 
tune in the small boiler exceeds that in the great one ; so that the water in 
the small boiler being depressed by its own steam pressing on its surfooe, 
will force the water up the pipe H, through K, into the great boiler L ; and 
ao k»g will it run till the surftee of the water in the small boiler D gets to 
be as low ss the bottom of the pipe H, and then the steam and water will 
run together, and by its noise and rattling of the clack I, will give sufficient 
assnrance to him that works the engine that the small boiler hath emptied 
and discharged itself into the greater one L, and carried in as much water 
as is then necessary ; after which, by turning the cock E again, you may 
let f^h oold water ont of the foroe-pipe S into the lesser boiler D, as before, 
and thus there will be a constant motion and a continual supply of the 
engine, without fear of d^y or disorder. And inasmuch as firom the top 
of the small boiler D to the bottom of its pipe H (which is within eight 
inches of the bottom of the boiler) there is contained about as much water 
as will replenish the great boiler L one foot, so you may be certain it is 
leplenished one fuot of course. 

** Also, to know when the great boiler wants replenishing or not, yon need 
only torn the gauge-cock N, and if water come out there is ao need to 
Teplenish it, bat if steam only come, yon may condode there is want of 
water ; and the like will the cock G ^ in reference 'to the small boiler D, 
lowing when it is necessary to supply that with fresh water firom 8, so 
that in working the engine there is very litde skill or laboar required ; it 
ja only to be injured by rither a stupid or wilful neglect 

** And if a master is suspicious of ihe design of a servant to do mischief^ it 
is earily discovered by those gange-pipes ; fbr if he come when the engine 
k at work, and find the surface of the water in the great boiler L below the 
BoCtoBi of the gange-pipe N, or the water in the small boiler D below the 



bottom of the gauge-pipe G, sneh a servant deserves correction, though three 
hoars after that, the working on, would not damage or exhaust the bmlers. 
In a word, the clacks being, in all water-works, always foond the better 
the longer they are used, and all the moving parts of our engine being of like 
nature, the fornace being made of Sturbridge or Windsor brick or &•• 
stone, I do not see it possible for the engine to decay in many years { for 
the clacks, backets, and mitre-pipes, regulator and cocks, are all brass } and 
the vessels made of the best hammered copper, oi sufficient thickness to 
sustain the force of the working of the en^e. In short, the engine is so 
naturally adapted to perform what is required, that even those of the most 
ordinary and meanest capacity may work it for some years without any 
injury." 

A good many of these engines appear to have been constracted and set 
to work. They were not employed, however, in any case in which water 
had to be lifted from a great deptli, as the great pressure of steam requisite 
to overcome die gravity of a high column of water was reckoned inconve- 
nient and dangerous in those days of fragile boilers and imperfect work- 
manship. These disadvantages appear to have been the chief cause of the 
relinqt^ment of Savery's engine in fovour of that of Newoomen ; for in 
the early career of Newcomen's contrivance the useftd eflSect under certain 
circumstances was inferior to that of the engine it superseded, and the 
first expense was greater : but then Newcomen's plan made the column of 
water that could be lifted independent of the pressure of the steam, an 
increase in the height of the column only reqoirin^ an increase in the 
diameter of the cylinder. The details of Savery's contn vance are extremely 
judicious, and tbe scheme altogether speaks very favourably of his inge- 
nuity and perseverance. It has been a matter of controversy whether he 
invented the en^ne altogether himself, or borrowed the idea ft^m the 
Marquis of Worcester, and merely matured the plan of that noble mechanic. 
Desaguliers retails an idle story of Savery baying up the Marquis of Wor- 
cester's book in Paternoster Row and destroying it, so that the priority of 
the Marquis might remain unknown ; but we give very little credit to the 
tale. There were probably at the time some of the Marquis's engines ia 
being, which would be a much more conclusive testimony than any book 
could be, and at least there must have been many persons then living who 
recollected the engine set up by the Marquis at VauxhalL Besides, the 
very act of buying up a book which had been many years in circulation, or 
rather of attemptmg to buy it up, would be the surest way to attract at- . 
tention towards it, and thus produce the very disclosure it was Savery's im» 
puted objeot to avert We think it likely enou^ that Savery mav have in- 
vented this engine entirely himself, without knowing anything of what the 
Marqnis of Worcester had done forty years before, although in the pursuit of 
the subject he must of course have become acquainted w ith the achievements 
of his predecessor. The same wants generate so naturally the same expe- 
dients for their relief^ that simultaneous discoveries and inventions become 
inevitable, and identical projects start up at different epochs without imita- 
tion, under the finree of similar circumstances. The ingenuity, too, dis- 
played by Savery in the detsdls of his engine encourages the idea that it 
may have been altogether of his own contrivance, for he does not appear 
to have bien unequal to such a performance, which indeed it did not 
require any very brilliant genius to accomplish. But whatever conclusion 
may be come to upon this head, we are at least certain that it was Savery 
who first introduced the fire-engine into extended use ; and he prusecnted 
his undertaking with great assiduity and success ; though, as he says, he 
" was obliged to encounter the oddest and almost insuperable difficulties," 
and at a great expenditure of energy and means. The merit of this achieve- 
ment is in our apprehension much greater than that of the mere invention 
of the machine ; for such a work is one of equal difficulty, and of infinite toil 
and discouragement, and is little lightened by the bright dreams of fancy 
or the consolations of applause. 

TBOM THE APPUCATTON OF TBE PRINCIPLE OP ATMOSPHBBIC PBUSDBX 
TO THE INTRODUCTION OP THE CTUNDER. 

About seven years after the discovery of the pressure of the atmosphere 
by Torricelli, Otto Guericke, a magistrate of Ma^eburgh, without any 
knowledge of what Torricelli had done, succeeded in obtaining a vacuum 
in a cask by means of kn air pump, sind contrived a great variety of 
ingenious pneiilnatic apparatus ; some for raising water in a pipe by 
means of an exhausted receiver screwed on the top, and others for lift*, 
ing a great weight by means of a cylinder fitted with a piston, beneath 
which was a vacuum, while the atmosphere pressed on its superior sur- 
face. The nature of the arrangement he adopted in this latter case will 
be at once apprehended by a reference to the annexed figure, where A 
is a cylinder fitted with a piston, to the shank of which a rope is attached, 
passing over the putlies B and C with a scale D hung at its extremity 
loaded heavily with weights. A small pump was screwed into the lower 
part of the cylinder, by means of whidi the cylinder was ■^'^^t^, ai^ 
the piston descending raised the weights. 

We have in these mgenions devices the same mechanical aningementa 
aa those afterwaida employed by Savery and Papin in their prqjects ; and 
indeed the only materUd difforenee between the (nrlinder apparatna here 
represented and the atmospheric steam engine is uiat in the one case the 
vacuum is produced by means of a pump, and in the other by the conden* 
sation ot ateam. It ia in the prodnctum of a vaenum, therefore, by tba 
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agency of steam, that any merit 
in the contrivance of the at- 
mospberic steam engine must 
be held to consist, for the 
efficacy of a yacuum when 
produced in raising heavy 
weights, or in the production 
of other powerful mechanical 
effects, could not fail after 
Guericke's experiments to be 
obvious to every one. Savery 
says he discovered the efficacy 
of steam in the production of 
a vacuum by plunging the 
neck of a flask be had acci- 
dentally thrown upon the fire 
with a little wine in it into a 
basin of water, when the 
steam raised from the wine 
was condensed, and the water 
rose into the flask and filled ; 
but Desaguliers throws dis- 
credit upon this account, by 
•aying that in such an experiment the flask would have been forced from 
the hand of the operator by the impulse of the entrant water, a circumstance 
of which Savery makes no mention. Mr. Scott Russell, however, says that 
he has tried the experiment many times, and that the catastrophe indicated 
by Deaaguliera is conditional upon the diameter of the neck of the flask, the 
temperature of the water, and other circumstances, so that we really see very 
little reason to doubt the truth of Savery's statement The date of this ex- 
periment of Saver/s does not very clearly appear. It must of course have been 
antecedent to his patent of 1 698 ; but whether it was before the year 1690, at 
which time Papin published a scheme for creating a vacuum m a cylinder 
by the condensation of steam, is uncertain. The question, however, is one 
of very little moment, for both of these prelectors were long preceded in 
tiieir discoveries; the method of producing a vacanm by steam agency 
having been known even before any idea had been formed of the atmo- 
spheric pressure. The manner of re-filling the £olipile was to plunge it, 
while a jet of steam was issuing fh>m it, into a vessel of water, whereby 
the steam within it was condensed, and the water was drawn with great 
rapidity through the small orifices through which the steam escaped, by 
means of the internal vacuum. In the Marquis of Worcester's engine, 
again, as, we believe, we have already indicated, a vacuum must have been 
formed by the condensation of the steam so soon as the cold water began 
to enter the receivers, though from what Cosmo de Medici tells us, we 
should be disposed to conclude that the power thus generated was wasted 
in drawing the water through contracted passages, rather than in raising it 
up to any considerable elevation. We believe, however, that both Savery 
and Papm re-discovered the means of producing a vacuum by the conden- 
sation of steam, or more properly perhaps saw, independently of their 
predecessors, and of each other, the feasibility of producing a convenient 
and effectual vacuum by this agency, for it is hardly conceivable that in 
the times of Newton, Hooke, and Boyle, the effect of the condensa- 
tion of steam in producing a vacuum should not have been a matter of 
extended notoriety. In this, indeed, as in most other cases, a reference to 
the current intelligence of the time will show that even the most noted 
projectors advanced very little beyond it ; and many a genius, with whose 
name the world has rung, will, when measured by this standard, collapse 
to the dimensions of a pigmy. •Inventions sown in one age are ripened in 
another by the progress of events, but a multitude of agencies are necessary 
to the final effect, and of these the most important is Time. Individutd 
projectors are merely like bubbles dancing upon the waves of that majestic 
stream : though higher than the other liquid particles around them, yet 
their altitude is not to be measured iVom the position of the lowest sur&ce, 
and they are not the cause of the total exaltation. 

As we have several times mentioned the name of Papin, we must, we 
suppose, say who he was. Denys Papin, then, was bom at Blois, in France, 
and was educated to the profession of medicine. Being a Protestant, he 
was driven from France by the revocation of the edict of Nantes, and 
settled in London, where he assisted Mr. Boyle in his experiments with the 
air-pump, and was elected a member of the Royal Society in 1680. During 
this period be invented the culinary utensil called Papin's digester, <^ 
which he published an account in 1682. In 1687 he was appointed pro- 
fessor of mathematics at Marburg, in Germany, and in 1690 he proposed 
a scheme in the Acta Eruditomm of Leipsic, for producing the vacuum 
required in Otto Ooericke's cylinder arrangement, by the agency of steam. 
A A {fig. 3.) is a thin metal cylinder, fitted with a piston B, and a piston- 
rod H with a notch in its side, into which a latch, E, falls to prevent the 
descent of the piston until the latch is withdrawn. A rope, L, is ftstened 
to the piston-rod, and passes over pullies T T, precisely as in Guericke's 
contrivance, and may be employed to raise weights in the descent of the 
piston. Water is introduced underneath the piston through the bole 
closed by the screwed rod M, and a fire is applied beneath ^e cylinder 
bottom, which raises the water into steam, and forces the piston up, the 
latch &lling into the notch in the piston-rod so soon at the piston has 




risen sufficieutly. The fire is now to he 
withdrawn fWim the cylinder bottom, and 
in a certain time the steam in the cylinder 
will b.^ome condensed, when the latch is 
to be drawn backwards, and the piston will 
be forced down by the pressure of the at- 
mosphere. It requires little penetration to 
see that this scheme would be quite useless 
in practice ; for the continual removals of 
the fire, the injurious effect of fire on the 
cylinder, and the absence of any expedient 
to fiicilitate refrigeration, are most effectual 
barriers to its successful application. In- 
deed, the project is greatly inferior in elB- 
cacy to the plan of the Marquis of Worces- 
ter, which was provided with a boiler, and 
which proved itself susceptible of a practical 
use. With Savery's endne, projected ahoat 
the same time, the crude prqject of Papio 
is not to be put in comparison ; and indeed 
Papin appears to have been ao thorooghh 
convinced of the superiority of Saveiy^ 
contrivance, that he gave up his own {dan 
and adopted that of Savery. Papin, 1m>v- 
ever, was a person of mu^ ingenuity, bat 
most of his schemes were visionary ; and 
whatever might be his other merits, he certainly contributed nothing to 
the improvement of the steam engine, either by his performances or sag- 
gesUons. He neither was the first to suggest the formadon of a vacooai 
m a cylinder fitted with a piston, nor the first to discover the Bcthod of 
producing a vacuum by the agency of steam, and he certahily was not tiM 
person who first carried this combination to any result of moment or utility. 
The first successful engine which operated by means of a cylinder lod 
piston was contrived by Thomas Newcomen, an ironmonger of Dartmontli, 
and John Caw ley, a glazier of the same place, about the year 17ia lie 
object of the innovation appears to have been not so much to obtain a mart 
effectual and economical engine than that of Savery, as to dispense with 
the necessity of employing steam of a very high elasticity where water had 
to be raised to a considerable height, and which, in those days, was the 
occasion of considerable inconvenience and danger. We think it very 
probable that Newcomen was acquainted with the project of Papin at the 
time he introduced his own engine into practice, as well as his relinquish- 
ment of it in favour of Savery's scheme, but this rather adda to Newcomen'* 
merit than diminishes it, as it shows him to be no imitator of Papin, and to 
be in no wise influenced by his authority. It is to Newcomen, therefixc, 
that we owe the cylinder steam engine, for Papin not only never prqectcd 
any cylinder steam engine that was practicable, and never made one, bat 
had gone back before Newcomen's time to Savery's scheme ; and although 
Sir Samuel Morland, so far back as 1682, had contrived cylinden nr 
raising water by steam power, yet we have no reason to bebeve that be 
put his plan in practice ; and the outline he has left of it in his ** Principles 
of the new Force of Fire" is too meagre to give any certain intimation d 
the nature of the contrivance, though tiie probability is that it more neariy 
resembled the Marquis of Worcester's engine than that of Newcomen. tt 
does not appear, however, that Newcomen was himself conscious of the 
advantages of his own method of construction beyond that of the greater 
convenience of low pressure steam, and, indeed, his engine woald have 
remained very little better than that of Savery, at least for moderate hd^ili^ 
but for the improvements effected by subsequent inventors. Of these iBi> 
provements we must now give some account. 

FBOH THE APPLICATION OF THE CTUNDBR TO THS DISCOTKRT OP TIB 
MODE or CONSENSINa BT JET, THE USE OP SELP-ACTIKa TALTES, A*» 
THE COHFLETION OP THE IXPBOVEIIENTS OP SMXATON. 

Newcomen's engine, as at first constructed by him, was provided widi a 
casing around the cylinder for holding cold water, to aocelerate the «» 
densation of the steam, and the surface of the piston was covered with water 
to prevent the passage of air past it The steam was admitted from thi 
boiler by a slide valve or regulator, as in Savery'a engine, which was moved 
by hand, and after the cylinder was filled with steam, water was introdneei 
into the external casing, by which, in process of time, the steam was eoa* 
densed, and the piston then made a stroke. This, however, it ia evideBt; 
must have been very tedious work, and the engine indeed was very aa- 
tractable until the method of condensing the steam hy a jet of cold water 
was introduced, and the movement of the valves was effected by the eagia& 
These improvements were the effect of accident : the mode of their de> 
velopment is thus related by Desaguliers : — " In the latter part of the^cv 
1711 Newcomen and Cawley made proposals to drain the water of a ooUiciy 
at Griff, in Warwickshire, where the proprietors employed 500 horses, tt 
an expense of 900/. a year ; but their invention not meeting with the it- 
ception they expected, in March following, through the acquaintance of 
Mr. Potter of Bromsgrove, in Worcestershire, they bargained to tav 
water for Mr. Back of Wolverhampton ; where, after a great many lahori- 
ons attempts, they did make the engine work : but not being either phi- 
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ers to umjerciand tbe reason, or mathemaliciftns enougli to calcnlatu 
the p«.>w«;r» «md proportions of the puis, they very luckily, by accident, 
found whot tbcy sought for. 

" They were at a low about the pumps, but being so nenr Birminpham, 
and having the ASsiRtonce of so many admirable and ingt^iiious workman, 
tiiey came uiMiit 1712, to the method of making the puiiip-valves, clacks, 
■till buckets, whervHs they bad but an imperfect notiou of them before. 
One thing is very remarkable: as they at first were working, they were 
surprised to see the engine go several strokes, and very quick together, 
irbea, after a M-arch, they found a hole in the piston, which let the cold 
wrater in tn condense the steam in the inside of the cylinder, whereas before 
they had always done it on tlie outside. Ttiey used before to work with a 
baoy to the cylinder, enclosed in a pipe, which buoy rose when the steani 
traa strong and opened the iiyectioD, and made a stroke ; thereby they were 
•apftble of only giving six, eight, or ten strokes in a miuute, till a boy, 
named llimiphrcy Potter, in 1713, who attended tbe engine, added (what 
Im! called ncvygan) a catch, that the beam always opened, and then it would 
go IS or 1G strokes a minute. But this being perplexed with catches and 
atringii, Mr. Henry Beighton, in an engine he had hnilt at Newcastlfr-npon- 
Tync. in 1718, took them all away but the beam itself, and supplied them 
ia a much better manner." 

The boilers of the engines made by Savery do not appear to have been 
provide<l with safety valves, nor do they appear to have re<iuired such an ap- 
plication, as the regulators were in all probability so constructed that the 
fMMages of both receivers could not be closed at the same time. About the 
jear 17 17, Desaguliers constructed an engine on Savery 's plan, but with only 
ooe receiver, and, as the only passage through which the steam could find 
vent would sometimes in such an engine be closed, and might be so left by 
a(*arele&8 attendant, it became necessary to ajiply a safety-valve to the 
boiler. This species of valve had been applied by Papin to his digestet; 
and its application to the stoam-eiigitie had been sufrgested by him j but the 
FXpcdient was superfluous so long us the pressure of the steam was biilanced 
bT a column of water, which would be overcome before any dangerous elas- 
tiieitT. could be attained. 

In 1720 a very elegant high pressure engine was contrived by Leopold, 
md detcribed in his Theatrum atachinurum -, the plan of which will at nnoe 
be ooderstood by reference to the annexed diagram, 
where A is the boiler. E and C the cylinders, F the 
waste steam proceeding from the four-way cock. In 
this engine, the four-way cock first occurs, and the 
scheme altogether is marked by a refined ingenuity 
not unworthy of Watt and his Buccess<'irs. The elfecl 
of the two cylinders placed in juxtaposition is identical 
with that of the double-acting engine : atid the machine 
is altogether the simplest and most artistic that, up to 
this time, bad been projected. Tbe emplnyinerit, how- 
ever, of high pressure steam could not full lo lie lixiked 
upon as very objectionable at a period when boilers ' 
were so rude and unsubstantial ; au<l we suppose it 
was owing to this objection that the plan of working 
by high pressure steam did not, until very recently, 
come into practice. The domes of the boilers employed 
by Newcouien were gcaeruHy of lead, tbe inferior p<5r- 
Gcitii being compo«ed of copper; and it was not until many years at\er steani 
- wew applied to practical uses, that boilers composed altngether of 
ite* riveited together, were introdaced, or that the art of making 
luMk-r^ hud reached such perfection, that a high pressure might be put upon 
them with safety. 

f- ' ■ iiiipn^venient of the valve gearing by Beighton, in 1713, very 

I'- ■!! appears to have been made in the utniospheric engine until 

ih' "rneaton. Brindley, indeed, added the coiitrivauce of afloat in 

the biiilrr, to regulate the admission of the feed- water, and also proposed 
that tbe boiler should l>c constructed of wood or stone, furnished with an 
internal fiirance and internal flues : but his attention was withdrawn from 
the steam-engine to other subject*, and rery little real improvement 
reanlled from hii' ingcnuiiy. In 17fi7, Smeaton wa.<i employed to construct 
an engine by the New lliver Company, into which he resolved to intro- 
duce several alterations. Conceiving that a good deal of power was dissi- 
pated in the rapid reciprocation of tlie beam, and in giving a needless 
tnomentam to the water in the pumps, he determined lo work the engine at 
a lesa velocity, to employ larger pumps, and to load the piston with lU^ lbs 
apoa tbe inch instead of 7 lbs., as had been the usual practice. To carry 
tato effect these intentions, the main centre was removed from the middle 
oflhe beam ti> a point nearer the end from which the pumps were hung, 
mad the cylinder was made tall and of small diameter, by which peculiarity 
b waa conceived the steam would be more readily cmdensed, and a less 
Smoant of injection water would .suffice. ^ I thought myself." says Smeaton, 
■* noite secure under those advantages; but bow great was my surprise aud 
>«tarcificjslinn, to find that, instead of requiring less injection water than 
iO, althniigh the injection pump was calculated to atford as much in- 
water as usual, in proportion to the area of the cylinder, with a suf- 
>.v>-rT>!iis to answer all imagiuable wants, it was unable to support 
tl,, lb injection, aud that two men were obliged to assist lo raise 

Xl^^. 1 water quicker, by hand, to keep the engine in mutiua ; at the 

a».ri «. tiiue that the cylinder was ao cold, I could keep my hand upon any part 




of it, and bear it for a length of time in the hot welL By good fortune, the 
engine performed the work it was appointed to do, as to the raising of 
water, but ilie cools by no means answered my calculation. The ii^ection 
pump being enlarged, the engine was in a slate for doing business, and I 
tried many smaller experiments, but without any good effect, till I altered 
the fulcrum of the beam so much, as reduced the load upon the piston from 
104 lbs. to ej| lbs. per inch. Under this load, though it shortened the stroke 
at the pump end, the engine went so much Quicker as not only to raise 
more water, but consume tesa coali : took less injection water ; the cylinder 
became hot, and the injection water came out at 180* of Fahrenheit ; and 
the engine in every respect not only did its work better, but went more 
pleasantly. This ac once convinced me that a considerable degree of coo- 
dcnsation of the steam took place in entering the cylinder, and that I had 
lost more by tliis way, by the coldness of the cylinder, than I had gained 
by the increase of load. In »hort, this tingle alteration seemed to have un- 
fettered the engine; but in what degree (his condensaiiou took place, 
under different circumstances of heat, and where to strike the medium, so 
as upon the whohi to do best, was still imknown to me. But resolving, if 
possible, to make myself master of the subject, I immediately began to 
build a small fire engine at home, that 1 could easily convert into different 
shapes for experimeata, and which engine was set to work in the winter of 
1709." 

This engine was set up at Austhorpe, and by iti asaiitance Smeaton 
investigated the operation of the steam-engine after the same |in»ciical 
fusliion that he bad previously adopted in investigating the operation of 
wster-whcels and windmills. The diameter of its cylinder was 9*9 inches, 
length of stroke 3 feet, number of strokes per minute 17^, and the load upon 
the piston 7'SU lbs. per w^u.ire inch. Thb is not quite one-home power, for 
(aay = 77 squ.ire inches x 7-8U = 607 lbs. and x by 5'i-5, the effective motion 
per niinute = 31.8ft7 lbs. raised one foot high per minute, or-i-by 33,0(K) = 
•flii;0 HP. The consimiption of coals per hour was 55 lbs. : a bushel, there- 
fore, or 84 lbs. would suffice for 9I'B minutes, which is equivalent to 2'1>2 
millions of pounds raised one foot high by a bushel of coals. The quantity 
uf injection water required was found by measurement lo be S5 cubic 
inches per stroke, and the quantity of wuier cvnporated from tlie boiler 
was alvout S-9 cubic inches jn-r stroke, ho that the quantity of water re» 
quired for injection was Itt-fiG times greater than that requisite for the 
supply of the boiler, though this proportion would, of course, vary some- 
what with tbe temperature of the ntuio<^pherc. This engine must have 
lost about half of its elBcacy by condensation in the cylinder, for 8"9 cubic 
inches of water will make 8'9 cubic feel of steam to be consumed per stroke, 
which is about double the capacity of the cylinder and its waste spaces. 
A good deal of the heat thus lost, however, appears to be due to rodiaiion 
from the surface of the cylinder, for not ulwve two thirds of the whole heat 
is to be found iu the hot well, tbe tempemtureof which was only 134^ when 
the temperature of the injection water was 68° or 70°. The load on tbe 
piston was varied in the experiments by taking away or adding a length 
of pipe lo the superior part of the pump barrel, and it was fonud that tbe 
load of 7*81 lbs. per square inch on the piston was the most beneficial one, 
both as regards the quantity of work done and the consumption of fuel. 
\Vhen the load was diminished to 6-6 lbs. the efficacv, or, in other words, 
the duty of the engine, estimated at 1 00, was reduced to 94, and, by di- 
minishing the load to 5'5 lbs. the efficiency was reduced as law as 82, while 
by increasing the load from 7-81 to 8*8 lbs. the work done was only increased 
from lOU to 107, although the consumption of fuel proceeded in a much 
higher ratio, and by a further increase of the load to 9 1 Ks. the efficiency 
was reduced from lOO to 96, though at an increased expenditure of fuel. 
In diminishing the lo:ul below 7*81 lbs. to 6'6 lbs. the elficacy of a pound of 
coal was reduced from liM) to 94, and the further diminution to 5'5 Ibc. 
reduced the eilicacy of a pound of coal from 94 lo 80, while tlie increments 
in the load reduced the efficacy of the fuel from 100 to 97 in the first case, 
and from 97 to 93 iu the aeoond. The relative efficacy of different kinds 
of coal was also tested in theae experiments. Rubbly coal was found su- 
perior to slack in the proportion of lUO to 80. Coke was of about the same 
efficacy as sUck, and 100 lbs. of coal were found to produce about 66 lbs. 
of coke. The Newca-itle coal called Team Top was found more effectual 
tbiin the Halton or common Yorkshire coal in the proportion of ISO to 100, 
uiul Cannel coal more effectual than Halton in the proportion of 133 to lOO, 
Smeaton continued his experiments with this engine for four years, aud 
recorded the results in a book of tables which he employed to regulate hia 
future practice. In 1772 he was employed to construct an engine for 
Long Benton colliery near Newcastle, in which he embodied the several 
improveinenis his experiments had suggested. In all its main features this 
engine was ideutical with the previous constructions of Beighton, but it 
was distinguished by ju.«ter proportions and greater nicety of detail than 
had yet been realised, and the innovations thus introduced were found to 
be highly beneficial iu practice. The engine at Long Benton Mr. Smeaton 
looked upon as hu standard work, but his most magnificent performance 
in this way was the Chase Water engine erected in 1775 at one uf the mines 
of Cornwall. Of these engines we must contrive to give a brief dfscriptioii. 

The diameter of cylinder in the l^mg Uenton engine was 52 inches ; 
length of stroke 7 feet; load on the piston 7^ Ihs. per square inch ; nnmbcr 
ofstrokes per minute 12;and5-i3 x ■78.^4 x 7^ x 84 -1-33,000* about 404 horse- 
power. The consumption t>f fuel was 8^ bushels of Newcastle coals per hoor, 
which at 84 Iba. per bushel it 1 7 '69 Ibe- per horse-power per boar, or 9'45 mil 
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agency of steam, that any merit 
in the contrivance of the at- 
mospheric steam engine must 
be held to consist, for the 
efficacy of a vacuum when 
produced in raising heavy 
weights, or in the pnxlnction 
of other powerful mechanical 
effects, could not fail after 
Guericke's experiments to be 
obvious to every one. Savery 
says he discovered the efficacy 
of steam in the production of 
a vacuum by plunping the 
neck of a flask he bad acci- 
dentally thrown upon the fire 
with a little wine in it into a 
basin of water, when the 
steam raised from the wine 
was condensed, and the water 
rose into the llask and filled ; 
but Deasaguliers throws dis- 
credit npon this account, by 
saying that m such an experiment the flask would have been forced firom 
the hand of the operator by the impulse of the entrant water, a circunutance 
of which Savery makes no' mention. Mr. Scott Russell, however, says that 
he has tried the experiment many times, and that the cat.istrophe indicated 
by Desagulienis conditional upon the diameter of the neck of the flask, the 
temperature (^the water, and other circumstances, so that we really see very 
little reason to doubt the truth of Savery 's sutement. The date of this ex- 
periment of Savery *s does not very clearly appear. It must of course have been 
antecedent to his patent of 1698 ; but whether it was before the ^ear 1690, at 
which time Papin published a scheme for creating a vacuum m a cylinder 
by the condensation of steam, is uncertain. The question, however, is one 
of very little moment, for both of these projectors were long preceded in 
tiieir discoveries; the method of producing a vacuum by steam agency 
having been known even before any idea had been formed of the atmo- 
spheric pressure. The manner of re-filling the .£olipile was to plunge it, 
while a jet of steam was issuing from it, into a vessel of water, whereby 
the steam within it was condeiued, and the water was drawn with great 
rapidity through the small orifices through which the steam escaped, by 
means of the internal vacuum. In the Marquis of Worcester's engine, 
■gain, as. we believe, we have already indicated, a vacuum must have been 
fimmed by the condensation of the steam so soon as the cold water began 
to enter the receivers, though from what Cosmo de Medici tells us, we 
should be disposed to conclude that the power thus generated was wasted 
in drawing the water through contracted passages, rather than in raising it 
up to anv considerable elevation. We believe, however, that both Savery 
and Papin re-discovered the means of producing a vacuum by the conden- 
■Uion of steam, or more properly perhaps saw, independently of their 
predecesaoTs, and of each other, the feasibilitv of producing a convenient 
and effectual vacuum by this agency, for it is hardly conceivable that in 
the timet of Newton, Hooke. and Boyle, the effect of the condensa- 
tion of steam in producing a vacuum should not have been a matter of 
extended notoriety. In this, indeed, as in most other cases, a reference to 
the current intelligence of the time will show that even the most noted 
projectors advanced very little beyond it ; and many a genius, with whose 
name the world has rung, will, when measured by this standard, collapse 
to the dimensions of a pigmy. •Inventions sown in one age are ripened in 
another by the progress of events, but a multitude of agencies are necessary 
to the final effect, and of these the most important is Time. Individual 
projectors are merely like bubbles dancing upon the waves of that majestic 
stream: though higher than the other liquid particles around them, yet 
their altitude is not to be measured from the position of the lowest surface, 
and they are not the cause of the total exaltation. 

As we have several times mentioned the name of Papin, we must, we 
suppose, say who he was. Denys Papin, then, was bom at Blois, in France, 
and wM educated to the profession of medicine. Being a Protestant, he 
was driven from France by the revocation of the edict of Nantes, and 
settled in London, where he assisted Mr. Boyle in his experiments with the 
air-pump, and was elected a member of the Royal Societv in 1680. During 
this period he invented the culinarv utensil called Papin's digester, of 
which he published an account in 16i82. In 1687 he was appointed pro- 
fesaor of mathematics at Marburg, in Germany, and in 1690 he proposed 
A scheme in the Acta Emditonm of Leipsic, for producmg the vacuum 
required in Otto Guericke's cylinder arrangement, bv the agencv of steam. 
^ At-^' '"^ " * **•" '"**^ cylinder, fitted with a piston B, and a piston- 
rod H With a notch b its side, into which a hitch, E, falls to prevent the 
descent of the piston until the latch is withdrawn. A rope, L, is ftstened 
to the piston-rod, and passes over pullies T T. precisely as in Guericke's 
coumvance. and may be employed to raise weights in the descent of the 
piston. Water is introduced underneath the piston through the hole 
closed by the screwed rod M, and a fire is applied beneath the cvlinder 
bottom, which raises the water into steam, and forces the piston up, the 
latch ftlling into the notch in the piston-rod so soon as the piston has 




risen sufEcieutly. The fire is now to V 
withdr.iwn from the cylinder bottom, tsi 
in a certain time the steam in the cylinda 
will b.'come condensed, when the Utch if 
to be drawn backwards, and the |MstoD viil 
be forcvd down by the pressure of the M- 
mosphere. It reqnires little penctratiaD ta 
see that this scheme would be qmte uelm 
in practice ; for the continual removals cf 
the fire, the ii^nrions effect of fire <» tbt 
cylinder, and the absence of any expcdieal 
to fkcilitate refrigeration, are most cfiectail 
barriers to its succewful applicatioo. b- 
deed, the project is greatly inferior ia eft- 
cacy to the plan of the Marquis of Worcts- 
ter, which was provided with a bnler, aai 
which proved itself snse^ble of a practical 
use. With Savery's ennne, prcgected aboat 
the same time, the cnide prciject of Pqn 
is not to be put m eomftraoi ; and indeed 
Papin appears to have been so thoroufUf 
convinced of the superiority of Saverj'i 
contrivance, that he gave up his own pba 
and adopted that of Savety. _ Papin, how- 
ever, was a person of mndi ingeaaity. tel 
most of his schemes were visionary ; and 
whatever might be his other merits, he certainly eontriboted nothing lo 
the improvement of the steam engine, either by his performances or og- 
gestions. He neither was the first to suggest the formation of a ^^cna 
in a cvlinder fitted with a piston, nor the first to diseovorthe axibod cl 
producing a vacnum bv the agency of steam, and he cenainly was not the 
person who first carried this combination to any resnltof moment or otibty. 
The firet successful engine which operated by means of a cvlmderaad 
piston was contrived bv Thomas Newcomen, an ironmonger of DaitmooA 
and John Cawley, a glazier of the same place, about the year 17 la TV 
object of the innovation appears to have been not so much to obtain a mn 
effectual and economical engine than that of Savery, as to dispense with 
the necessity of eraploving steam of a very high elasticity where wat«r M 
to be raised to a considerable height, and which, m those days, wis tie 
occasion of considerable inconvenience and danger, "e think it nrj 
probable that Newcomen was acquainted with the project of Papm it iK 
time he introduced his own engine into practice, as weU as his reluujujt- 
ment of it in favour of Savery's scheme, but this rather adds to >eirc«BM^, 
merit than diminishes it, as it shows him to be no imitotor of Papin, n4U* 
be in no wise influenced bv his authority. It u to Newcomen. thtKWv, 
that we owe the cyUnder steam engine, for Papin not only never prqj*^ 
any cvlinder steam engine that was practicable, and never made o^t^ 
had pone back before Newcomen's time to Saver? s scheme ; and tiw^ 
Sir Samuel Morland, so far back as 1682, had contnved CThnd«» 
raising water by steam power, yet wc have no reason to "If" ^^ 
put his plan in practice ; and the outline he has left of it m his J™^ 
of the new Force of Fire" is too meagre to give any certain mtunaSJ^ 
the nature of the contrivance, though the probability is t»at it more x— 
resembled the Marquis of Worcester's engine than that of Seweom^^ 
does not appear, however, that Newcomen w«i miMelf coMciws ^^ 
advantages of his own method of construction beyond tlut off "«^^ 
convenience of low pressure steam, and. indeed, J"* •"*"? ""H^i 
remained very litUe better than that of Savery,at least ftriodeiii el^> 



but for the improvemenU effected by subsequent 
provements we must now give some account. 
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Newcomen's engine, as at first conrtmcted by hiB«i ' 
casing around the cylinder for holding cold witir, to ------ .-^ 

densation of the steam, and the sarha- of the piston ww ""'"."""JT^^ 
to prevent the passage of air past ii- The steam wss »J«'«^ J^ 
boUer by a slideValve or regulator, ai in Saverj t«i>g»ie.'b>c* wa. *^ 
by h»nl and after the cylinder was fill«i with '^'f'^*^'!^^';^ 
into the external casing, by which, m P^^jJ.^^^^f ^ e^' 
densed. and the piston then made a stroke. Thii, "wf^ " "Itt— 
must have been vert- tedious work, and the •'»S"t'»ftf ??^;^ 
tractable until the method of condensing the steam by a jet W g»B»^ 
was introduced, and the movement of the valves wa* ^f**^ 
These improvements were the effwi of ««"*•«;■ '7„™7 
velopment is thus rekted by Desagulim ;-" In ibe Utter ] 
1711 Newcomen and Cawley mado propoealstodrwfiiiw^ 
at Griff, in Warwickshire, where tin" propncton 
an expense of 900/. a year; bat their lu^nlian ' 
ception they expected, in March toU owa 
Mr. Potter of Bromsgrove. in WuiiiUli 
water for Mr. Back of WolverhamptoaT" 
oos attempts, they did make the 



8 



Prelvninary Discourte. — Long Benion and Chase Water Etiginet. 



lious of pounds, raised one foot high by a bushel of coaL The evaporation of 
water by the boilers was 90 cubic feet per hour, by 84 bushels, = lU'riS cubic 
feet, evaporated by a bushel or 84 lbs., or 7'88 lbs. evaporated by each pound 
of coal. If the steam within the boiler be considered to be 1700 times less 
dense than water, which would be near the truth, then 2550 cubic feet of 
steam would be generated per minute ; but of this not so much as oue-half 
could be spent in producing a useful effect, for the space within the cylinder 
occupied by the motion of the piston would only be 103*25 cubic feet x Vi 
»1239 cubic feet per minute, which is not half of the steam generated. 
The residue, therefore, must have been lost by leakage and condensation, 
and by the space left between the piston and the bottom of the cylinder. 
This space would cause a loss of about 360 cubic feet per minute, leaving a 
loss of above 950 cubic feet per minute, to be accounted for by leakage and 
condensation, or iudeed by condensation alone, as the leakage was inappre- 
ciable. The internal surfkce was 168 square feel, so that each foot of 
cylinder surface must have condensed about 5*66 cubic feet of steam per 
minute. There were three boilers, and they were so proportioned as to 
afford 3-5 square feet of furnace surfiice, 7*83 of flue surface, and '867 feet 
of fire-grate per horse-power. 

The structure and arrangement of the Chase Water engine were almost 
identical with those of the engine at Long Benton : it was, however, of 
greatly superior power. The cylinder of the (Jhase Water engine was 72 
inches in diameter ; length of stroke 9 feet ; number of strokes per minute 
9ai81 feet of effective motion, and load upon the piston 7) lbs. This gives 
a power of about 76^ horses for 72« x '78.54 x 81 x7i -7-33,000 = 764 HP. 
The configuration of these engines will be seen at once by a reference to 
the following wood-cut, where A B is the cylinder, C the piston made of 
iron and covered on the bottom with elm planking, secured with screw- 
bolts to the piston. Between this planking and the iron of the piston, 
tarred flannel is interposed to retard the trunsmibsion of heat, and thereby 
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render the condensation within the cylinder less serious. D is the great 
lever, 27 feet 4 inches lonj^, consisting of twenty pieces of fir. the four 
nearest the middle being 12 inches square, and the other sixteen being 6 
inches by 12 inches. These pieces of timber are prevented from rubbing 
upon one another by means of oak keys, driven into mortices prepared 
for their reception, and are bolted together by 32 long iron bolts, I inch in 
diameter, pas.Mng through the whole depth of the lever. The axis of the 
lever, where it posses through the wood, is 30 inches wide by 5 inches thick. 
The bearings are 84 inches in diameter, resUng in brass bushes, let into 
blocks of wood built into the lever walL Breadth between bearings 3 J feet ; 
breadth of beam 2 feet ; depth of beam at centre 74 inches ; depth at ex- 
tremities 60 inches. E is the lever wall i F F the beams which support 
the cylinder, or rather which keep it down, and which are retained in their 
phices by the wails of the house ; G is the boiler, H the furnace. I the 
steam pipe, J the injection pipe, terminating in a wooden jet piece jammed 
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between the steam pipe and the side of the cylinder, the lue of wood k 
this situation being to diminish the condensation by a non-eandactinff ■!• 
stance. K is the cistern for holding the injection water, and vhiek k 
placed in an elevated situation to cause the more perfect diqwniaa «f At 
injection water by the force with which it enters the CTlinder. L ■ i 
pump for raising the injection water into the cistern, Mb the edaetia 
pipe, terminating in the hot well, and fitted with a valre at Ha iafajs 
extremity, to prevent the regurgitation of the water. N pomp rod of ttt 
pump of the mine \ O a band or strap extending to the catanet ; PP Ai 
plug rod, by which the valve gearing is wrought The etcam p^ n U 
inches in diameter, the eduction pipe 8 inches; and the two ahoit aaitefa 
the injection cock and snifting valve 6 inches diameter. These are aU oil 
in the same piece with the hemispherical bottom. The anifkiag vihi 
consifits of a short plug of boxwood driven tight into its teat, fitted wiA a 
circular flap valve applied to the end of the plug ; over this a conical pat 
is fixed with a cock at its extremity, so as to regulate the amouR tf as 
snift at pleasure. " The upright feed pipe, Q," says Smeatoa, " is designs! > 
answer the double purpose of a lower gauge cock and a safety pipe. Tts 
or three small holes are to be pierced through it at the propw d^th ftr • 
lower gaiige cock, that is, at the lowest level which is pnqfier for the wMr 
in the boiler, and three inches below these holes the pipe is to be fuavk 
with a hole half an inch in diameter, and again at three inches lower ill 
pipe must terminate altogether. By this means, if the water in the boBtf 
sinks too low, the small holes in the feeding pipe will emit steam and ^ 
notice by a rattling noise ; but if the water is suffered to subside still lowo; 
the steam will blow out hy the half inch hole, and the noise will prodaet ■ 
greater alarm ; and when the water sinks so low as to be at intervals bdsf 
the bottom of the pipe, the water and steam will issue in such a manacr » 
to make a very great noise, and call the engine-man to his doty even if kt 
have fkllen asleep." 

Such then are the principal details of this celebrated engine ; andweaai 
now proceed to explain in a tew words the manner in which the aOMi- 
phcric engine operates. When the engine is at rest, the end of the lercr 
fh>m which the pump is hung will always proponderate, that end beiog 
purposely made heavier than the other, to overcome the frictiao mi 
inertia of the lever, as it cannot be elevated by the force of the steam. Tbi 
first step in starting the engine is to open the regulator or slide valve which 
interposes between the boiler and cylinder. The cylinder will of count 
immediately become charged with steam, but the steam will at first be vny 
rapidly condensed by the cold metal, and will continue to condense nolil 
the cylinder has become nearly as hot as the steam itself. As soon as this 
takes place, the steam will open the snifting valve, and drive out the sir 
with which the cylinder had been filled, and the sign of the thorough ex- 
pulsion of the air is that the steam will then issue in a transparent, and not 
in a cloudy state. While the steam is thus issuing from the snifting vsItc 
the injection valve situated in the injection cistern at the top of the engine 
house must be drawn open by the cord attached to it, apd the faaadk 
which had been depressed to open the regulator must be raised. This vil 
close the connection between the boiler and the cylinder, and will at the 
same time open the injection cock, and an instant vacuum being prodncti 
by the jet of cold water, the engine will make a stroke. The plug-rod in 
its descent strikes with a projection or tappet the handle which had JKt 
been raised, which shuts the injection cock and opens the regulator, and st 
the pressure of the steam is about equal to the pressure of the atmosphm^ 
the piston ascends, being drawn up by the preponderance of weight it thi 
other end of the lever. The plug-rod in its ascent, when near the end cf 
the stroke, strikes the handle upwards by means of another peg or tappet, by 
which the steam passage is again closed, and the injection passage opeoei 
The piston thus makes another stroke, and the same action is coatinu«dw 
long as the engine is kept supplied with steam and cold water. The hit 
water produced by the condensation of the steam flows out of the eytiadtr 
by the eduction pipe into the hot well, whence a part of it flows into tht 
boiler to restore the quantity evaporated, and the remainder runs to waMa 
A small branch leading from the injection pipe distributes water over the 
upper surface of the piston to prevent the leakage of air, and any air that vaq 
find admission either in the steam or otherwise, and which, if suffered to 
accumulate in the cylinder, would destroy the action of the engine, is drrna 
out every stroke by the snifting valve. A certain leakage of air, howenr 
is beneficial, as it diminishes greatly the condensation of the steam ; tat thi 
air, being diffused equably among the steam, will accumulate against tbi 
sides of the cylinder as against a sieve, which is pervious to heat bat not M 
air ; and this film of air will prevent the access of the steam to the mktd 
iron to suffer a destructive refrigeration. After a better quality of woii- 
manship had been introduced by Smeaton, it was found that the en|iBii 
were actually too tight; and an air-cock was therefore appended to pw* 
regular admission to such a quantity of air as might be found beneficial. 

Before Smeaton commenced his improvements in the steam engine, be 
ascertained with much care the performance of a number of the engiaci 
then in existence ; and of 1 5 engines st Newcastle he found that the it* 
raised about 7^ millions of pounds one foot high with a bushel of coals, ui 
the worst only 3J millions. The engine he afterwards erected at Long 
Benton, and in which his improvements were fully carried out, raised, H 
we believe we have already stated, about 9^ millions ; so that there wB 
much less difference between the performance of the best of the camaoa 
engines and Smeaton's engines than between the common engines theia> 
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telves. The improTcmenti Introdnced by Smeaton chiefly resolve them- 
selves into greater care in the construction of the eogioes, aiid a better pro- 
portion and arrangement of the boiler, lUid involve neither the application 
of any new principle nor any (Treat exfienditure of ingenuity. Before 
Smeaton's time the manufaeturf of engines was in the hands of very iguo- 
rani mechanics who did not know the difference between power and force-, 
and their perpetual aspiration was to make the piston exert a great force, 
without taking into account the velocity of movement necessary to make it 
erate effectively. It was very rarely the case that the engine was 
:]aatelv supplied with steam : and when an engine was found incom- 
ent to Its work in consequence of this inadequacy, it was generally pro- 
vided with a larger cylin<l<.T, which only aggravated the evil. Then the 
eyilDders were very ill bored; and the condensation from the water lying 
\ on top of the piston, as well us from the water escaping past it. was very 
considerable ; while, at the same time, the piston rarely travelled a sufficient 
distance in the cylinder, and a great deal of steam was lost every stroke by 
filling a useless vacuity. The boilers, besides being too small, were gener- 
ally badly set, the bottom lieing too far from the fire; and the firing was 
Ijodly conducted, the coals bein^^ piled in a heap in the middle of the grate 
instead of being spread evenly over it. The injection cistern was generally 
aet too low, by which means the water was not adequately dispersed within 
the cylinder ; and the valve gearing was for the most part so constructed 
that the regulator did not o;K'n fully, by which means the steam was 
throttled, and a heavy counterweight was necessary to snck the steam into 
the cylinder, which of course had afterwards to be raised at an expenditure 
of power. These foiUts Smeaton corrected : his plan of sheathing the under 
side of the piston with wood prevented much of the condensation by the 
water ly'mg on top of it ; and the use of more perfectly bored cylinders, 
which the establishment of the Carroo iron works about this time enabled 
hhn to obtain, obviated the condensation from water trickling down the 
cylinder sides. The boilers he introduced were very effectual and satis- 
fiictor}-. The annexed diagram represents one of his fovoorite varietiea of 
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(MEATON's BITITACC SOILII. 

Construction, called the haystack boiler, and is formed of cast iron. Three 
•f these boilers, 10 feet in dianieti-r and 16 feet 4 inches high, were cout 
•tructed to supply an engine with a fiC inch cylinder and S} feet stroke, 
Resigned by Smeaton for pumping out the docks at Cronstiull in Russia. A 
•s the ashpit ; B the furnace ; € C the hemispherical top of the boiler ; cc a 
Cylinder joinefl with flanges nnd screws to the top to give more steam room. 
••v and f/(f conical pieces joined to the cylindrical piece, and which, with 
Jne hoitom, complete the boiler ; D D are the fiucs. AMicre the water used 
'^ injection was of such a quality a.s would injure the boiler, as wa.s the 
[ ^se with some kinds of water raised from mines, and there was no ahiin- 
'^•tit iupply of better water at hand, it was Smeaton's practice to collect a 
••'Oioitfncy of good water, to sufhce for the feeding of the boiler, either bv 
* «^D cistern or otherwise ; and he warmed this water, before sending It 
~*to the boiler, by transmitting it through a worm or cistern situated in the 
5** *«:ll. The movement of the engine, when the quantity of work to he 
**<**»« was irregular, was commonly regulated by a contriTance called the 
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iwinnict, or, a* it wu terme^l by the mintM^s 
the Jack-in-the-box. This apparatus consists 
merely of a amall cock, :, through which a 
drip of water is suffered to pass into the 
vessel, Y, sitnated within the box Z, and so 
poised upon a centre, in connection with the 
lever, U, that U will preponderate when Y 
is empty, but not when it is full. When 
Y becomes full, it will tilt over in the direc- 
tion indicated by the dotted lines, raising 
the catch IS by the chain 22, and by this act 
will «mpty itself of the water, and resume its 
original position. The water flows away 
out of the box, Z, which is lined with lead, 
after having performed its function in raising 
the catch ; and the catch, when raised, re- 
lenses a weight, which opens the injection 
valve, and the engine makes a stroke. The 
nimiber of reciprocations, therefore, of llie 
cataract detemimes the number of strokes 
made by the engine, so tha^ the speed of the 
engine is thus regulated by the degree of 
OATAMOT. opening given to the cock, ;, and which is 

determined by the quantity of water to be 
dlrawn. The cataract is not a contrivance of Smeaton's, but was used in 
the Coniish engines before his time. A much better variety than that 
here figured is now employed, which will be described in its proper place. 
The great expense of cools in Cornwall had the effect of causing a great 
variety of boilers to be tried there at a very early period of the history of 
steam improvement. Among other kinds, boilers built of moorstone and 
traversed by internal flues were constructed ; but they do not appear to 
have been very successful, the fault probably being thai the amount of flue 
Bur&cewBS insufiicient The best boiler of this epoch that has fallen under 
our observation is that set up at the York Buildings' waterworks, in 
London, about the middle of the lost century, and of which we here give a 
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aOILCS AT YORK RL'ILUIMai ABoer 17'VO. 

sketch. A is the ashpit \ B the furnace ; C C the boiler shell ; c the steam- 
pipe \ ah d t the flue winding spirally and entering the chimney at/! 

But we hnve lingered too long among these antiquities, and have, we 
fear, tried the patience of our readers by dwelling upon contrivances about 
which nobody in these days of superior proficiency cares much. We sus- 
pect, too, that by saying so much about Smeaton we have, in some degree, 
damaged the keeping of our deliiiefltiou ; for an illegitimate extension of an 
object exaggerates its importance quite as effectually us too gaudy a colour- 
ing ; and we really feel that Smeaton did nothing for the steam engine 
beyond what ordinary information and ordinary good sense might reason- 
ably be expected to effect The circumstance, howeTer, tlut the atroo> 
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spheric engine is not even yet t discarded initmment, but u still used in 
situations vhere coal is inexpensive, reconciles us in some measure to our 
prolixity ; and we have been desirous, moreover, that our readers should 
have a just conception of the condition of the steam engine before the 
advent of Watt, iu order that they might the more truly appreciate the 
merits of that mighty magician. 



rnOH THE COaiPLETION or THE mPBOTEHENTS Ot SMEATOK TO TBB 
FRE8ENT TIME. 

The steam engine, as it left the hand of Smeaton, was a mere pump 
impelled by the force of fire ; and even in the performance of its solitary 
function of raising water, it could only be beneficially employed in situations 
where the cost of coal was inconsiderable. The transformation of this rude 
implement into the modem steam engine was the work of Watt ; and cer- 
tainly history can furnish no other example of so magnificent an improve- 
ment having been achieved by a single individuaL In other cases 
amelioration has sprung out of a rich accumulation of experience, or out 
of the new facts presented to art by the progress of science : but Watt'js 
improvements were the progeny of his own fertile imagination, and were 
brought to the perfection in which we now behold them by his own saga- 
city and perseverance. — We cannot, however, trust ourselves to say any 
thing npon a theme so attractive as Watt's genius at the present sXzf^ of 
our progress, as we fear we should afterwards be unable to speak of any 
thing else ; and we have yet to relate the most remarkable steps in the 
history of his marvellous creations. 

In 1763 Watt was a maker of philosophical instruments at Glasgow ; 
and in that year Professor Anderson, who then filled the chair of natural 
philosophy, and who is known as the founder of the Andersontan Institu- 
tion, from' which the Mechanics' Institutions took their origin, sent Watt a 
model of a Newcomen engin? to put into working order. The cylinder of 
this model was two inches in diameter, and the length of the stroke six 
inches, and the boiler was considerably larger in proportion than the boilers 
of real engines : but Watt found that the boiler did not supply the engines 
with steam enough ; and, in order to enable the engine to work at all, he 
had to reduce the load on the piston by lowering the column of water in 
the pumps. There were only two possible solutions of this anomaly : the 
one, that the boiler was a bad one ; and the other, that a small cylinder 
consumed more steam in proportion than a large cylinder on account of 
the loss by condensation due to an increased cooling surface ; and tbe latter 
of these explanations was found to be the true one. The loss, however, 
from condensation was obviously attributable to two causes : the one, the 
radiation of heat from the cylinder ; and the other, the refrigeration the 
cylinder suffered from the influent injection water. To determine the 
relative importance of these causes Watt made a small engine with a wooden 
cylinder, by which the refrigeration due to the transmission of heat 
through the cylinder would be prevented; but this species of cylinder 
appeared to be very little more beneficial in any way than the common 
kind, while, in some respects, it was of course greatly inferior. The 
greatest loss, therefore, appeared to be due to the heating and cooling of 
the cylinder : and to determine its precise amount Watt made a number of 
experiments to ascertain the relative bulks of the same weight of water and 
steam, and he fonnd that the cylinder of his small engine consumed at 
every stroke three or four times the quantity of steam that would suffice to 
fill it A great economy of fuel, therefore, it was obvious would be effected 
if tbe heating and coohng of the cylinder could be averted ; and this was 
only to be done by accomplishing the condensation of the steam in a sepa- 
rate vessel, which might always be kept cold while the cylinder was always 
kept as hot as possible. A difficulty, however, presented itself in the accu- 
mulation within this vessel of the water by which the condensation 
of the steam had been effected, and which could not be driven out 
every stroke by snifting, as in the existing engine, without sacrificing 
all the gain the separate vessel conferred ; but the water, it was clear, would 
run off of its own accord if led down a distance of about thirty feet, 
as that column of water would preponderate over the pressure of the 
atmosphere. The air, however, which had entered either by leakage or 
with the steam, could not be thus disposed of^ but it might be removed by a 
pump wrought by the great lever, and that pump by dipping to the bottom 
of the condenser might also be made to extract the water, and thus supersede 
the necessity of running it off by the method first suggested. These views 
appear to have become developied in Watt's mind about the year 1765, he 
being at that time in the twenty-ninth year of his age, and his next step was 
to test their soundness by experiment. For this purpose he constructed a 
small engine, fitted with his various improvements, and its performance 
not merely confirmed, but greatly exceeded his anticipations. The next, 
however, and not the least difficulty, was to get the improved engine brought 
into operation, and three years appear to have elapsed before any service- 
able step was taken in that direction. During this time Watt gave up his 
business as a mathematical instrument maker, and became a civil engineer, 
in which new capacity he happened to be employed by Dr. Roebuck, by 
whom the Carron iron works had been established, and be, on learning the 
nature of Watt's improvements on the steam-engine, agreed to join him in 
procuring a patent and establishing a manufactory of the improved engines, 
on tbe condition of being allowed two-thirds of the profits. To these terms 



Watt willingly agreed, and in 1769 he took out a potent tat hk rmf/m^ 
ments, the specification of which is as follows. 

** My method of lessening the coninmption of steam, and oouteqMM^ 
fuel, in fire-engines, consists of the following principles : — 

'* First, That vessel in which the powers or steam are to be on^toyed to 
woric the engine, which is called the cylinder ia common fire-«^gma; lal 
which I call the steam-vessel, must, during the whole time the engiae iitt 
work, be kept as hot as the steam that enters it ; first, \>j enclonag it kt 
case of wood, or any other materials that transmit hotf slowly ; •eeeidf, 
by surrounding it with steam or other heated bodies ; and thirdly, by arf^ 
fering neither water or any other substance colder than the rteaai, to cBta 
or touch it during that time. 

" Secondly, In engines that are to be worked wholly or pertaUy If 
condensation of steam, the steam is to be condensed in Teasels diMtaetflm 
the steam-vessels or cylinder!, although occasionally communiealiBg wjA 
them ; these vessels I call condensers ; and, whilst the engines are walk- 
ing, these condensers ought at least to be kept as cold as the air in tibe adgk* 
bonrhood of the engines, by application of water, or other odd bodies. 

" Thirdly, Whatever air or other clastic vapour is not condensed by At 
cold of the condenser, and may impede the working of the eng^ is ts ki 
drawn out of the steam vessels or condensers by means of pomps, niXHt^ 
by the engines themselves, or otherwise. 

" Fourthly, I intend, in many cases, to employ the expanaire foiee <f 
steam to press on the pistons, or whatever may be used instead of tlMa,is 
the same manner as Uie pressure of the atmosphere is now employed 'a 
common fire-engines. In cases where cold water cannot be had ia piei^, 
the engines may be wrought by this force of steam only, by disdoigaig 
the steam into the open air after it has done its office. 

" Lastly, Instead of using water to render the piston or other psiH af 
the engines air and steam tight, I employ oils, wax, resinoos Indies, fit rf 
animals, quicksilver, and other metals, in their fluid state. 

** And the said James Watt, by a memorandom added to the said qxci* 
fication, declared, that he did not intend that any thing in the fourth aitide 
fhould be midet!>tut>d io exci^ad to any vti^tati wbi^fe tbt: water to b^nJMJ 
enters the Kteaai-vess^l tt^if, or any vessel having an open commaffiieitiitK 
with it." 

About the time he obtained hie patent. Watt commenced the constnidiaBjf 
Km fiTSt real engiiie,thecylinder of which wast 3^ inches in djam<?i«r,uddi(f 
mam- impL-dinittita ia the details of the work, he sacceeded in bringing il M 
ctmiidemble perfecUoo. The bad boring of the cylinder, aad the diffie5ij rf 
obtainiDg a substance that would kt^ip tbe piston tight without enonsm 
fric^cjon, and at the hOnse time resist the action of the stesm, gave hiaia^it 
trouble, and the employment of a piston-rod moving through a ituffiap- 
box was a new fi'altiru in steAm-ettgiors at that time, and repaired gmt 
nicety of workmanBhip to make it efft!ctual. Wliile Watt was oonta^lo; 
with these difficulties, Roebuck's finances became disamnged, and in ]17i 
he disponed of bis interest in th*2 patent to Mr. Boaltott, of Solin, aar 
Itirmingttom. whose metal miiniifactory was already the most celi-brst«d S 
Rnglimd. As, however, a considt-raMe part of the term of fourteen jean, 
for which the patent was graoti'd, had already passed away, and as st^iinl 
years more would probably r lapse bcfor« th« improved engines cduJdl* 
brought into operation, it was judged exp(?dlent to apply to Farliimeul ^ 
a prolongation of the term, and an act was passed in 1775, gTBnting m o* 
tension of 35 years from that date, in consideration of the great uuirttul^ 
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Hit jnTOTlion. A partnership was then concluded between Boulton and 
Watt, and a part of Soho work* was handed over to ^Valt for the manu- 
facture of lib cntpni-g. He now made rapid progress, and by 1778 hud 
erected tvveral excellent engines in the neighbouring couutieis and one at 
Stratford near London. In these early engines he appears to have employed 
the method of condenfiing by external cold, and he persisted in the use of 
that species of condenser until the expense of its construction and the incon- 
venience of its bulk in the larger clnss of engines more than balanced the 
ipenditure of power requisite to extract the injection water from a 
wacaum. The preceding diagram shews the manner in which >Vatt*a im- 
prorements at this period of their history were applied to the ordinary 
pumping engines of the time, the substitution being restricted to the 
cylinder and its appt-ndages, and the great lerer, chains, pumps, nnd other 
parts remaining unaltered. E, E is the cylinder sarrounded by a steam case, 
into which the steam is delirered by the steam-pipe a ; J is the piston, 
loaded with a pressure of between 1 1> and 1 1 Ihs. on the siiuorc inch, instead 
, of 7i as formerly, in conseqaence of the superior vacuum, n the piston-rod 
rmtnmg through a short tube affixed to the cylinder-cover, cjiUed the 
fitoBxtg'hox, and now cast in the same piece with the cover ; /, f, the 
cylinder port; e, the steam vaWe; i, the eduction valve; g, g, the educ- 
tion pipe ; F, the condemer, consisting of a uuniber of cupper cylinders 
of Kmuli diameter, arranged vertically in the cold water cistern C, G ; 
11, the pump, by which the condensed steam is extracted from the con- 
denser, and returned to the boiler; /, the plug-bi'am, in which are in- 
lierted two plugs, or tappets, which strike at the proper times the handles 
I> and r, and thereby give the requisite movement to the steam and eduction 
Talves, by the rods 4 and C, with which those rods communicate ; 1 G is a 
-weight which serves (he same end as the tumbling boh in the old engine.i, 
' in confirming the inclination given to the valve gear by the tappet. In 
tlw engine as thus constructed, the steam-casing is obviously an integral part 
of the machine ; but this plan was found to be attended with some incon- 
veniences, and in 17T8 Watt contrived n way of removing this objection 
by the application of an upper port to the cylinder as shown in fig. lo. 
' ^rrhere E and J arc the cylinder and piston as before ; a, the steam- pipe ; 
1^ Xkin regulating or throttling «alve ; c, the upper port;/, the under port ; 
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*lie prolongation of the steam pipe to the lower port ; e, the eqnilibriara 
***■», by o{»«ning which the pressure above and below the piston is equalised; 
^b*- eduction valve, and g the eduction pipe leading to the condenser. In 
a figure the piston is supposed to be in the act of ascending by virtue of 
preponderance of the pump end of the beam, and the Steam is leaving 
apace above the piston to (>cciipy the space beneath it. When the pis- 
arrived at the top of the cylinder the equilibrium valve « is shot, 
^the eduction valve t is opened': the steam then rushes from beneath the 
to the condenser, but as the superior portion of the piston is still 
by the steam, tbc piston descends with a force corresponding to 
ace of pressttre above and beneath it la this kind of eogine 



there is always steam above the piston and steam and vacuum -'• ^- ly 

beneath; but about 1780 it occurred to Watt, that the ^ ri 

might be mode more perfect, and that a better result would ti : ;,. 
realised if these conditions were reversed and a perpetual vacuum main- 
tained beneath the piston, while an alternate steam pressure and vacuum 
was produced above it In the one case the piston would ascend with steam 
of the some pressure on both sidea, and in the other case with a vacuum 
of the same intensity ; but in the one case the working stroke would b« pro- 
duced by the admission of steam above the piston, and in the other case by 
the exhaustion of the steam from l)eueath it. The arrangements adopted 
for carrying out these ideas are tbown ia the aooexed ddiseatiua, wbert* 
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E E is the cylinder and J the piston as before, n the steam pipe, /* the regu- 
lating valve, e the eduction and equilibrium valve, for in this variety of ct'U- 
structinn a single valve performs the functions of both ; <• the upper and 
/"the under port ; d, j, g, the eduction pipe by which the steam posse* traa 
above the piston daring every returning titroke to the condenser, a perpetual 
exhaustion being maintaim-d beneath it There was no advantage found 
to arise in practice from this ingenious tnxnsforruation, but rather the 
reverst^' ; for, although a longer time was thus obtained for (he accomplish- 
ment of the condensation, yet the proceai of condensation is so rapid that 
this additional time was found to be of very little advantage ; and whatever 
advantage was thus realised was to some extent only transferred tram the 
workbg to the returning stroke, a heavier counterweight beio^ necessary 
lo redress any difference in the vacuum above and beneath the piston whicA 
might arise from a want of rapidity in the condensatinn. I'here was also 
a greater leakage of air at the stuffing-box imd around the cylinder cover 
in this species of engine ; and the rare steam or vapour, remaining in the 
cylinder after the act of exhaustion, had its elasticity increased by the heat 
transmitted from the steam jacket, thereby opposing more ivsistance to the 
piston, and robbing (he elective steam of a portion of its heat. These 
disadvantages, taken singly, arc all trivial enough, and indeed the sum at 
them is of no very serious import ; yet, upon the whole, this species of 
engine appears to be somewhat inferior to engines of the ordinary kind, 
and it never, therefore, met with an extensive adoption. Boulton and Watt 
at this time charged their profits in proportion to the saving of fuel their 
engines effected, one third part of which was to be payable to them anuu- 
nUy during the term of their patent, or the payment might be redeemed at 
a ten years' purchase. Their proposal was to raise 500,000 cubic fret of 
water one foot high by the consumption of 112 lbs. of Wednesbury coala, 
which is equivalent to about 2H^ millions of pounds raised one foot high by 
a bushel or 84 lbs. Their early engines, however, scarcely accomplished 
tliis; for two of them experimented on by Smeaton only lifted 18 and 
Itji^ millions of pounds one foot high with a bushel; but these were small 
engines. The larg«?r engines appear to have realised a performance of 
about 20 millions ; bo that the following rule, laid down by Mr. Boulton in 
1778, pretty nearly expresses the performance of the larger engines con- 
structed by Boulton and Watt at that time. CcHmute tht arta ^ tkt ifnet 
tlcscriitd by the pitUm per itnke in cubic /ket, and mwitipijf 1ki» t^ tht had 
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ii/Nm each aqmare inch of the puton in pouna* ; the product wiB be the weight 
of coal* rn pound* required to work the engine 1800 gtroket. This is equiva- 
lent to aboDt 21) miUions nised one foot high by a bushel of coal. 

The next improvement of Watt's that ve have to mention, it his plao of 
working steam expansively. This method consists in arresting the floir of 
steam into the cylinder at a certain part of the stroke, leaving the remainder 
of the stroke to be accomplished by the effort of the steam shut within the 
cviinder to occupy a larger volume. The power of the engine is of coarse 
diminished by this procedure ; for the piston will descend with less force 
when urged merely by the diminishing effort of the expanding steam, than 
if pressed upon by steam of the full pressure entering to the end of the stroke 
from the boiler. But steam, or, in other words, fuel, is saved in a greater 
proportion than the power of the engine is diminished ; so that the expan- 
sive principle augments, and very materially, too, the motive efficacy of 
the fuel, in fact, whatever power is obtained from the steam during the 
act of expanding is obtained without any expense ; for If the steam valve 
nf the cylinder be closed when half the stroke of tbe piston is performed, 
there wUl only be half the steam expended ; but the steam shut within the 
cylinder will press with a varying force on the piston up to the end of the 
stroke, and the power thus realised is evidently got without any expend- 
iture. We think it very probable that this improvement originated in the 
desire merely to moderate the force of the single acting engine towards the 
end of the stroke ; and, indeed. Professor Robison, who, from his intimacy 
vith Watt, was probably well acquainted with the circumstances of the 
discovery, virtually says that such was the case- In Newcomen's engine 
the momentum of the piston could easily be lessened by shutting the injec- 
tion cock earlier or b^ opening it less, and dangerous shocks might thus be 
averted ; but, in engines provided with a condenser, the impulse of the 
piston would be best checked by shutting the steam valve at such a period 
of the stroke as would prevent the catch-pins from striking. The real- 
isation of an increased power, therefore, from a given quantity of steam by 
this expedient, was an unexpected result ; but Watt immediately saw the 
importance of the principle, which in a letter from Glasgow in 1769 to 
Dr. Small, of Birmingham, he describes as capable of doubling the effect 
of the steam. The distractions, however, incidental to his other pursuits 
appear to have prevented him from carrying the principle of expansion into 
practice until 1 776, when it was tried upon the engine at Soho, and in 
1778 it was applied to an engine for raising water, erected at Shadwell. In 
1782 Watt took out a patent for improvements in the steam engine, in 
which the principle of expansion formed a prominent feature, having been, 
probably, instigated to that act by a patent taken out by Homblower in 
1781 for a method of using the steam in an engine twice over; first 
impelling a small piston by the method of high pressure, propounded by 
Lenpold, and then catching the steam thus used, and making it instru- 
mental in giving motion to a larger piston by the method of condensation. 
This scheme is identical in principle with the plan of using the steam 
expansively, for it is obvious that the same power will be given out by a 
cylinder, whether it be tall and narrow, or short and wide, provided its 
capacity remains unaltered ; and if we suppose Homblower's high pressure 
cylinder to be shortened and widened, and set upon the top of his con- 
densing cylinder, we shall then have a single cylinder operating on the 
plan of expansion, while the power is obviously the same as before this 
transformatipn. — The subject of expansion, however, is so important, and 
at' the same time so mysterious to tyros in steam science, that it would be 
unpardonable to pass it over without offering such further familiar eluci- 
dations OS may make the principle intelligible to unskilful persons, and we 
believe these explanations may be introduced here with greater propriety 
than at a more advanced stage of our progress. 

It is a well-known law of pneumatics that the pressure of elastic fluids 
varies inversely, as the spaces into which they are compressed. For 
example, if a cubic foot of air of the atmospheric density be compressed 
into the compass of half a cubic foot, its elasticity will be increased from 
15 lbs. on the square inch to 30 lbs. on the square inch, whereas if its 
volume be enlarged to two cubic feet, its elasticity will be diminished to 7\ 
lbs. on the square inch, being just the half of its origbal pressure. The 
same law holds in all other proportions, and with all other gases and 
vapours, provided their temperature remain unchanged ; and if the steam 
valve of an engine be closed when the piston has descended through one- 
fourth of the stroke, the steam within the cylinder will, at the end of the 
stroke, just exert one-fourth of ils initial pressure. Thus let E (Jig. 12.) 
be a cylinder ; J the piston, a the steam pipe, b the steam valve, c the 
upper port,/ the lower port, d the steam pipe prolonged to e the equili- 
brium valve, g the eduction valve, M the steam casing, N top of cylinder, 
O stuffing box, n piston rod, P cylinder bottom : let the cylinder be sup- 
posed to be divided in the direction of its length into any number of equal 
parts, say twenty, and let the diameter of the cylinder represent the pressure 
of the steam, which for the sake of simplicity we may take at 10 lbs., to 
that we may divide the cylinder in the direction of its diameter into ten 
equal parts. If, now, the piston be supposed to descend through five of the 
divisions, and the steam valve then be shut, the pressure represented at 
each subsequent position of the piston will be represented by a series 
computed according to the laws of pneumatics, and which, if the initial 
pressure be represented by 1 will give a pressure of -5 at th£ middle 
of the stroke, and of -25 at the end of it If this series be set off on the 
horizontal lines they will give a hyperbolic carve, the area of the part 
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exterior to which represents the total efficacy of the stroke, lad the 
interior area therefore represents the diminution in the efficacr of a atnkt 
when the steam is cut off at one fourth of the descent If the iqaiM 
above the point where the steam is cut off be cotmted, they will be foosi 
to amount to 50, and if those beneath that point be counted or estimiMd 
they will be found to amount to about 68, and these squares are ni«- 
sentative of the power exerted, so that while an amount of power, Rptt- 
sented by 50, has been obtained by the expenditure of a quarter of s 
cylinder full of steam we get an amount of pcArer represented by 68 ^^ 
out any expenditure of steam at all, merely by permitting the steam fint 
used to expand into four times its original volume. The efficacy of * 
given quantity of steam is therefore more than doubled by expanding ^ 
steam four times, while the efficacy of each stroke is made nearly one hilf 
less ; and therefore to carry out the expansive system in practice tlw ^ 
lindcrs require to be larger than usual in the proportion to whidi <W 
expansion is carried. Every one who is acquainted with simple arithB(t>> 
can compute the terminal pressure of the steam in a cylinder when kt 
knows the initial pressure and the point at which the steam is cut oft »' 
he can also find by the same process any pressure intermediate belvt* 
the first and the last By setting down these pressures iu a table, vA 
taking their mean, he can easily determine the effect with tolerable vfff 
racy of any particular measure of expansion, of which the mean preaB* 
thus determined will be the representative. We shall, however, at th» i 
proper place give practical rules for computing the effect of expanoon ^ * 
single step : at present we aspire to accomplish nothing more than to cod* 
vey a £ew general ideas on the subject to those who are not ftmiliar *i<* 
such inquiries ; and as a summary of the ascertained effects of expauio'' 
will probably induce a more carefhl examination of the principle K * 
future stage of our progress, we may here set down some of the most onto ' 
rious. 

Let the steam be stopped at Its performance is multiplied 

- 1-7 
. 21 

- 2-4 
. 2-6 

- 2-8 

- 3- 

- 3-2 

A. fortv-horse engine, constructed by Mr. Watt about the time of <I*^ 
introduction of his expansive principle, was found to require about HB"^ 
of coal per horse-power per hour when working without expansion, n^ 
about 6 J lbs. when the expansion was I -5 1 8 times. The water evaporated 
from the boiler was, without expansion, -674 cubic feet per minute ; and, 
with the amount of expansion already mentioned, '501 cubic feet pa 
minute : and the quantity of ii^ection water was, without expanuon, 19*$ 
cubic feet per minute, at a temperature of 52 degrees ; and, with the ex(«a* 
sion aforesaid, 14-35 cubic feet. 
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u to the introdootioB of Boalton tnd Wstt'a eagine*into Ckm- 
JonatbMi Hornblower had been one of the prisoiiMl makers of 
irtkatdiatrict; and he appean to lum made TeryBtreniuHu effort* 
t Umself from being driven oat of lo profitable a market In 1781 
at a patent, as we believe ve have abvady mentioned, fi>r a double 
engine, whieh is said to have been invented in 1776. The form 
gine irill be understood at ones by a glance at the accompanyiiuE 
\g. 13.), vhere A is the largeroylinder s B the smaller one; CandD 
pective pistOT rods; O a square pipe fbr supplying the small 
with steam fha the boiler ; K is the edoetion pipe leading to the 
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', L, which stands on the box, M, and to which are fixed the 
and N, fbr extracting the air and water ; P is a cold water cistern 
the condenser stands ; U is the hot well to which the water is 
from the air pumps by the trough, T ; and into the hot well the 
p V dips to obtain water for the boiler: W is the plug rod ; and 
np rod of the mine. At S a valve is situated to admit cold water 
ondenser ; and p is a pipe leading from the condenser, closed on 
'ith a valve which serves as a blow-through valve, abed are 
^ of which are the reciprocal of the other two, and which establish 
tite commonications between the bmler and the cylinders. >Vhen 
re open, and b and e are shut, the steam tram the boiler enters 
I above the piston of B, and the steam from beneath the piston 
rs, above the piston of A, through a. At the same time the valve 
a the eduction pipe, where it joins the cylinder, is open, and the 
Uces a stroke. Again, when b and c are open, and Vt and d shut, 
]ication is established between each side of the respective pistons ; 
u equilibrium of pressure is thus produced, the pistons rise by 
the preponderance of the pump end of the beam. There is a 
1 of manifest plagiarism in this engine : the condenser and air 
e cylinder covers with their staffing boxes, and indeed every 
i about the engine, is evidently borrowed from Mr. Watt, with the 
^eption of the two cylinders ; and by them nothing was aocop- 
■t had not been already attained by Mr. Watt quite as effeetually 
ig^ cylinder only. The plan of two cylinders is still somedmes 
MS reqoiring a great equability of motion, or where the principle 
ion is carried to an unusual extent ; for the initiaVimpnlse is less 
9a the doable cylinder plan than where the expansion is accom- 
• single cyiisder, while the mean impellingforce remaiiis the same. 
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There is thus less tendency for the motion to become irregular, and less risk 
of fhustnre from the extra pressure of steam reqoisite tomaintun the power 
of an eng^e when working expanuvely. But there is no theoretical gain by 
the use of two cylinders, and there is certainly greater oomplexity, whiw 
experience shows that an en^e constmcted on ue common proportions it 
strong enough to be capable of working ap to its power at all ordinanr de- 
grees of expansion, and the motion may be rendered uniform enough for 
most purposes by die use of a short stroke and a swift and heavy fly wheel 
There are cases, nevertheless, in practice in which we think two cylinders 
are to be preferred to one, bat tlieir nimiber is hy no means considerable, 
and they lie very little among the class of pumpmg engines. Several ex- 
cellent pumping engines, indeed, of the doable cylinder description have 
been erected in Cornwall ; and some, we believe, are being constructed 
there at the present moment, with the view, we suppose, of carnring the 
principle of expansion very for, without involving the aeoenity of m^cing 
the parts of the engine inconvenieutiy strong. But the same end might, 
we conceive, be attained as effectually, and with greater ease, by increasing 
the length <k the stroke ; and in a pumping eng^e unifbrmity of motion is 
an object of bat little importance. 

The form Mr. Watt's en^^e had attained about the period at which we 
have now arrived is shown in the following figure, where A is the cylinder, 
B the piston, C the piston rod, E the cjlta&t steam caaing^ F the steam 
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pipe, G the steam valve, by which the admission of steam to the cylinder 
is restrained or preventJed, H the boiler, I the prolongation of the steam 
pipe to the equilibrium valve K, L the eduction valve, M the condenser, J 
the eduction pipe, N the injection cock, O the foot valve, P the air-pump, 
Q the air-pump bucket, S Uie delivery valve, communicating with the hot 
well, T the suction pipe of the feed pump, U the feed pump, V the cold 
water pump for lifting the injection water into the cold water cistern, Y the 
valve handles, which are moved by tappets on the plug-tree, Z, suspended 
from the beam ; a is the body of the beam, b the main centre ; e, e, truss rods, 
proceeding from the central upright, </, to each end of the beam, to obviate 
deflection ; e,/arch heads, to which the chains of the piston rod and pump 
rod accommoidate themselves, g a small arch head for giving motion to the 
air-pump bucket, on the rod of which the plug tree is affixed ; k,j counter- 
balance weights ; k, suction valve of the pump ; o, o, flues encircling the 
boiler ; p furnace ; r damper in the flue leading to the chimney. The 
manner in which this engine operates is easily comprehended. In this as 
in the atmosplieric engine, the piston necessarily stands at the top of the 
cylinder when the enpue is at rest, in consequence of the preponderance 
given to the pump end of the beam, and the first step in starting the en^ne 
18 to expel the air with which the space beneath the piston, and the several 
pipes and passages have become filled. This is accomplished by relieving 
the handles of the st^am, equilibrium, and eduction valves, of their several 
catches, when tiw valves immediately foil 'open by the jgnvitatkm of weights 
with which they are coimeeted, and the steam mods an access to the wnole 
internal part of the engine. At first it is rapidly condiaaed by coming into 
contact with the eeiA metal ; but •• the iron becomes hot tiw steam flows 
onward, expelling the air before it, and finally issues at the nifting or U«w 
valve, situated on the lower part of either the air-pnmp or ccainsir. The 

D 



14 



I^eliminary Diseoune. — Cormth Piraeies. Invention of the Botathe Engine. 



valvei most now be sbot, and a racnnm will qoickly be prodnced within the 
engine by the condensation of the steam. The blowbg through may be re- 
peated two or three times, in order to expel the air effectually, and the 
symptom of its thorough expulsion is the sharp crackling n<nae 
made by the steam at ue snifting yalve, which is caused by the 
rapid condensation of the steam when unmixed with air by the 
water suffered to lie in the snifting valve chest to keep the valve 
tight. When the engine has been thorongfaiy cleared of air by 
blowing through, the steam and eduction v^ves are opened at the 
same time, the equilibrium valve remabing shut, and the injection 
cock is also opened. The steam then pressing npon the superior 
snrfiw^ of the piston while there is a vacuum underneath it, 
forces the piston down. The plug-tree in its descent closes the 
steam and eduction valves,and opens the equilibrium valve, which 
establishes an equality of pressure above and beneath the piston, 
and the piston then rises in consequence of the pump end of the 
beam being the heaviest The plug-tree in its ascent closes the 
equilibrium valve, and opens the steam and eduction valves, and 
the action is thus perpetuated. The water admitted by the in- 
jection cock is discharged by the pump, P, into the hot well S, 
from whence a sufficiency of water is drawn by the small pump 
U, to replenish the boiler. No improvement in the principle of the 
simple-acting or pumping engine has taken place since its parts 
were arranged by Watt in the manner here delineated. The great 
lever indeed is now made of iron instead of wood, parallel mo- . 
tions are employed instead of arch heads and chains, and some 
improvements have been made in the details of the valve gearing 
and other niinutise. But these modifications, though they may 
make the instrument more elegant and convenient, do not make 
it more effectual ; and an engine made after Watt's primitive 
type would with an equally effectual boiler, and an equal measure 
of clothing and expansion, do about the same amoimt of duty as 
the best of the modem constructions. 

We have already mentioned that Boulton and Watt charged their 
profits not on the manufacture of engines, but on the actual saving 
their engines effected, the agreement for the use of them bein^ such 
that the patentees became entitled to one third of the savmg in 
fuel accomplished by the new invention. Their gains were thus 
in the proportion simply of the benefit they conferred, and the 
amount of that benefit may be judged of from the fact that the 
proprietors of the Chase Water mine found it to their advantage to 
commute the proportion of saving due to the patentees for 9,400il 
per annum. These payments, however, gradually came to be 
looked upon as an intolerable burden by the mine owners, though 
the burden must obviously have been three times less grievous 
than under the former state of things ; but by some infirmity of 
human nature, men who respect the rights of all other property, will 
often seize without compunction upon that which has sprung out of 
the highest order of mental exertion ; and of all manufacturers there 
is no kind whose wares are paid for with so much reluctance as the 
manufacturer of ideas. The Cornish miners paid the proportion of 
savings due to the patentees, with the unwillingness natural to men 
who conceived that nothing had been done to earn such rewards, and 
many of them eagerly sought for a pretext to break the agreement into 
which they had entered. They countenanced and supported a set of pirates 
who left no means untried to wrest Mr. Watt's invention from his grasp ; 
and so formidable did this confederacy become, that, in the imperfect 
state of the patent laws which then obtained, Mr. Watt appears to have 
entertained serious doubts of his ability to maintain his rights. The 
machinations of this cabal reached a head in 1795, in which year, after in- 
finite forbearance, the patentees were obliged to bring an action against a 
Mr. Bull by whom several of the mine-owners were represented, for the 
erection of an engine on Mr. Watt's plan at Oatfield copper mine in Corn- 
wall. The pirates contended, as is usually done in the lack of better argur 
ment. that the patent was informal from the want of precision in the 
specification ; a dishonourable plea at the best, for no honest person would 
attempt to seize upon the property of another, merely on account of a 
technical flaw in the title. Two of the judges however, called BuUer and 
Heath, thought this pitiful objection of weight; though Lord Chief Justice 
Kyre and Justice Rooke looked npon it as immateriaL As the Court 
was divided equally, no judgment was given ; and this being looked upon 
as a sort of defeat, several other infringements were begun. In 1799 how- 
ever the patentees commenced another action for infringement in the Court 
of Common Pleas, which on this occasion was against Messrs. Hombiower 
and Maberly, and a verdict was given for the plaintiffs. A similar case 
was tried in the Court of King's Bench, and the judges there were unani- 
mous in supporting the rights of the patentees against the cupidity of the 
litigious highwaymen who aspired to legalize their robberies. It is incom- 
prehensible to us, how a man of ingenuity, which Hombiower certainly 
was, could descend to such arts as attempting to rob a brother mechanic of 
the fruits of his ingenuity and perseverance ; and we are still more at a 
loss to account for the bitter hostility displayed by Bramah throughout these 
trials ; who tried hard to make it clear that Mr. Watt had no right to any 
patent whatever ! If Mr. Watt had no such right, who in the name of 
heaven ever had ? and of what rich gifts would not universal humanity 
have been defhiuded, if Watt had been discouraged from proceeding &rther 



at the commencement of his career of improvement I It is the Bteain-e 
■ays a kindred apirit, • that fought the battles of Europe, and whic 
enables as to mamtain the arduous struggle in which we are still ex 
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with countries less oppressed with taxation ; so that npon the slender thn 
of Watt's prosperity, which a court of Uiw might have radely sevei 
hung the welfare of nations, and the repose of the world. Fortunately 
human nature. Watt's puny rival Bramah was not his judge; and the difficult 
thrown in his path as they were insufficient to impede his progress oi 
stimulated his powers to a more active exertion. It was the Com 
conspiracy in all probability, that made Watt turn his attention to ■ 
invention of an engine for the production of a routory motion, so that 
might continue to eiyoy the fruits of his ingenuity, even though drii 
irom the Cornish field. Of this invention we must now proceed to gi 
some account, but may first enumerate the more notable projects for 1 
production of rotatory motion, both before and after the time of Watt ; : 
although the date of some of these devices is more recent than that of Wsi 
invention they are all more antiquated in point of quality. 

Savery and Papin both proposed the production of a rotatory motion 
means of their machines, and in 1736 Jonathan Hulls proposed to prop* 
boat by the agency of paddle wheels moved by a Newcomen engine. 
17.59 Mr. Kean Fitzgerald proposed to supply mines with air by means 
a revolving fan, wrought by a Newcomen engine, and in 1777 Mr. Jo 
Stewart described a plan for converting rectilinear into circular motion, 
a paper read before the Royal Society, and in which he incidentally bm 
tions the use of a crank, but rejects the idea as being impossible in practi 
In 1779 Mr. Matthew Washbrough took out a patent for the production 
a continuous circular motion by the application of ratchet wheels. Iod< 
in all the plans we have mentioned, ratchet wheels or some analogous cc 
trivance, by which awheel was carried round a certain distance during i 
descent of the piston, — the catches being either inoperative during the s 

cent, or made to act upon ratchets disposed in the contrary direction, appt 

to have been the instruments ; but in 1780 the ratchet work of one of 3 
Washbrough's engines, which had been erected at Birmingham, was remoi 
by the persons who had the care of the engine, and a simple crank substitui 
in itt stead. There can be no doubt we think, from what Mr. Watt says 
this subject, that the idea of the crank leaked out from Soho. The ratch 
were found to be extremely troublesome to keep in order ; and the people 
the charge of the engine were very likely to adopt any remedy that ^ 
thought to be sanctioned by so high an anthcrity as Mr* Watt. In 178 
patent was taken out by Mr. Pickard of Birmingham for amethod of deriv 
a rotatory motion from a fire-engine by the intervention of a crank, l 

■ Lord JeA^. 
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engine ia not represented in the ipecifieatioa of his patent, but tiie sketch 
given in Jiy. 15. will explain in what manner the crank was applicable to 
the coniinon atmospheric en^^ne. 

A is the furnace, B the ash-pit, C the boiler, E the cylinder, I^ the (jreat 
leTer, G the injection cistern, M the connecting rod, N the crank, Q the 
fly-wheel, /the plug-tree which gives motion to the valve*. It is obvious 
that this enpine can only give an impulse to the fly-wheel durinpiu down- 
ward stroke, but the energ;}" then imparted to the fly-wheel will continue 
the motion with considerable uniformity during the ascent of the piston. 

To add to the regularity of the motion, in the case of a crank applied to 
MD engine on the atmospheric plan, Mr. Francis Thompson of Ashover, 
in Derbysliire, contrived about 1793 a plan of combining two cylinders 
■o M to produce a double action. The foregoing representation shows 
the natnre of his arrangeraenls : — E {Jig. 16.) is the ordinary cylinder, 
mad F an inverted cylinder situated above it with a space, n, between 
the cylinders to permit the access of the atmosphere to press upon the 
pistons. L L is the main lever, and K the arch head which is conueeted 
with the piston rod by double-acting chains thmugh the niediutn of a 
bridle, eo that the piston rod may communiente an upward as well as a 
downward motion to the lever. TIr-tc are three chains in all- — two, 
for pulling the lever down, and one for ]iullin^r it up. tl is the cold water 
«r injection cistern, which receives its water from the piinip R, through the 
pipe S ; V is the lever wall, U the spring beams, and X a solid pier of 
masonry on which the lower cylinder rests. M is the connecting rod 
which turns the wheel, N, working into the pinion O, on the shaft of the 
fly-wheel Q, thereby giving an increased energy to the fly-wheel by its 
aagmented veloc;ity. a is the steam pipe, li and c the steam valves, /a passage 
leading from the steam valve into the lower cylinder, j 17 eduction pipes, 
A, • the injection cocks,,/ the injection pipe leading from the elevated cold 
water cistern, k a snifting valve to the lower cylinder, and there is a 
•tiniiar valve attached to ihc upper cylinder, but it is not shown ; / the 
I plag rod which gives motion to the valve handles, r and «, by which the 
mgrcMi of the steam and injection water into the cylinder is duly regnlnted. 
A large engine on this plan was set up by Mr. Thompson at Arnold near 
Nottingham, to drive a spinning mill, and it accomplished its task succcss- 
fiiUy for many years, though with large consHmption of fiiel. The 
cjrltndera were 40 inches in diameter, the length of the stroke 6 feet, and 
the oamber of strokes per minute 18. Very few similar engines, however, 
have since been constructed, as they were found qnitG as difficult to keep 
in good order as the more refined engines of Boulton and Wutt, and far 
more extravagant in fiiel. 

Another double-acting atmospheric engine, of a different construction, 
but also employed for spinning cotton, was erected in Manchester by 
McMrs. Sherralts about 1 794. The idea of the double-acting mechanism of 
this engine is evidently taken from the double-acting air pomp, as con- 
vtructed by philosophical instrument makers ; and of the rest of the plan 



the greater part is pirated fW>m Mr. Watt. E E (fig. 17.) arc the cylioden 
open at the top, J J the pistons, K K the piston rods, which nrc toothed, 
and work into the wheel L L, which answers the purpose of the great 
lever. // are racks for giving motion to tlie air pamps, and which work 
into the smaller wheel 7, 7, situated on tiie same axis as L. P is a lever 
also fixed on the same axis p, and which, by means of the connecting rrxl 
M, imparts motion to the crank, N, fixed on the shaft of the fly-#»heel Q. 
fi a is the steam pipe with a middle branch, d, descending in an inclined 
direction to the box holding the steam valves//, and beneath which are two 
eduction valves communicating with the eduction pipe g. F is the condenser, 
A the foot valve, H H the air pumps, 1 1 the hot well, G O the cold water cLstcm; 
IT U are strong beams for supporting the axis, d, of the wheel L, X X strong 
beams for supporting the cylinders, and Z a throttle valve in the de- 
scending branch, d, of the steam pipe, to regulate the flow of the steam. The 
cylinders of this engine were .16 inches in diameter, and the length of the 
stroke 4 feet- At first the engine made 40 strokes per minute, but iu speed 
WAS afterwards reduced to 30 strokes per minute. It continued to work con- 
stantly for upwards of .30 years, bat its proprietors had to pay Messrs. 
Boulton and Wntt for a licence to use if. in conse<]ucnce of the larjre adop- 
tion of their improvements. The use of the rack work is not so objection- 
able as might at first sight appear, as the pressure on the teeth is always 
in the same direction, provided steam of no higher tension than the atmo- 
sphere be used, and there is therefore no hack-losh between the teeth. 

The only other engine we shall notice before proceeding to describe 
Mr. Watt's rotative engine is the engine of Mr. Edmund Cartwright, 
patented in 1797. The following are the improvements enumerated in his 
specification: — 

" 1st. The water or other liquid which is used to produce the steam to 
work the engine is to circulate continually through the engine, without 
havii>g any enramunication with the external air, and without mixing with 
any othtr fluid 

" Snd. The lower part of the cylinder is to be always open to the con- 
denser, and the condensation is to be performed during the returning stroke 
of the piston, which has only a single action. There are to be only two 
valves, one at the top of the cylinder, and the other in the piston ; and these 
valves are to be opened and shut at the proper intervals, by the motion of 
the piston itself. 

" 3rd. The condcn-sntion is to be performed in a close vessel by the appli- 
cation of cold water to the external snriace of that vessel 00 the common 
prtnctpte of distillation, without any injection of cold water into it. The 
condenser is to be composed of two cylinders of very thin metal, one fisM 
within the other, so as to leave a very narrow space between them for the 
steam. This condenser is to be immersed in cold water, which is to sur- 
round the outside cylinder, and to fill the internal cylinder, whereby » very 
thin stratum of steam will be exposed to a large surface of cold metal. The 
condensed liquid which drains to the bottom of the condeoser is to be drawn 
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ont bj a suitable pnmp, and returned into the boiler, anj air vhich may 
get into the condenser being separated from the water before it reaches the 
boiler, and discharged into the open air. 

** 4th. The piston is to be made entirely of metal, witbont any hemp 
packing. 

Lastly. Instead of water the boiler is to be filled with distillers' wash, to 
produce the steam with which the engine is to. be worked." 

The structure of this engine will be made apparent by the annexed deli- 
neaUon. E E (_fig. 1 8. ) is the cylinder, and J J its piston, which is in the act 
of descending. C is the steam valve situated in the cylinder cover, and en- 
closed in the box d. F is the condenser ; H the ur pump, the piston of 
which operates by expression ; O the cold water cistern ; O a pinion 
situated on the shaft of the fly-wheel QQ, and moved by the wheels MN. 
To the axes of these wheels are afiBxed the cranks pp, connected with the 
cross bead o o, by the rods M and K- a is the steam pipe, r a small spring 
affixed to the upper end of the piston rod for shutting the steam valve, 
when the piston has descended sufficiently ; n is the piston rod,/, 9 the 
edncUon pipe, A the foot valve, m the discharging valve and pipe, through 
which the condensed steam which enters the air pump during the ascent of 
the piston is expelled into the hot well L A float is placed in the hot well, 
communicating with a small inverted valve, and should any air enter the 
engine by leakage it will accumulate in the hot well, and depress the water 
level, which will open the valve and allow the air to escape. T is a pipe 
which conveys the water from the hot well to the boiler. The valve in the 
piston is opened by its spindle touching the bottom of the cylinder, and the 
spindles of both it and the steam valve are pressed laterally by springs, so 
as to occasion sufficient friction to retain the valve in the position in which 
it may be set. There is a great deal of ingeniiity displayed in this combi- 
nation, but the devices are more elegant than feasible, and engines made 
on this plan were not found to work well. The refrigerating surfiwe in 
the condenser is much too small, and the air would accumulate beneath the 
air pump piston, and impair the vacuum. Another obvious disadvantage 
is, that the pressure of the steam in the boiler is thrown upon the air pump 
piston so soon as the discharging valve is opened, which must occasion an 
unusual strain upon the air pump if the pressure of the steam be consider- 
able. Metallie pistons are now coimnon i but that contrivance had pre- 
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viously occurred to Mr. Watt ; and there is nothing else that is good 
kind of engine, and all of Cartwright's engines that were made have 
been discontinued or broken up. — But we must now return from tl 
temptation of these imperfect contrivances to the proceedings of 'V 
whose unaided ingenuity we are indebted for the double-actmg stei 
gine as we now find it. We cannot do better than give in his own 
the several steps of the invention. 

" I had very early turned my mind to the producing continued n 
round an axis ; and it will be seen, by reference to my first specif 
in 1769, that I there described a steam-wheel, moved by the force of 
acting in a circular channel against a valve on one side, and agj 
column of mercury, or some other fluid metal, on the other side, 
was executed upon a scale of about six feet diameter at Soho, and n 
repeatedly, but was given up, as several practical objections were fo 
operate against it. Similar objections lay against other rotative ei 
which had been contrived by myself and others, as well as to the ei 
producing rotatory motions by means of ratchet-wheels. Having ma 
reciprocating engines very regular in their movements, I considered 1 
produce rotative motions from them in the best manner ; and an 
various schemes which were subjected to trial, or which passed throng 
mind, none appeared so likely to answer the purpose as the applicat 
the crank in the manner of the common turning lathe (an invent 
great merit, of which the humble inventor, and even its era, are unkn 
But, as the rotative motion is produced in that machine by the in 
given to the crank in the descent of the foot only, and behoves to bi 
tinned in its ascent by the momentum of the wheel, which acts as 
and being unwilling to load my engine with a fly heavy enough to coi 
the motion during the ascent of the piston (and even were a counterv 
employed to act during that ascent of a fly heavy enough to equali; 
motion), I proposed to employ two engines acting upon two cranks 
on the same axis at an angle of one hundred and twenty degrees t 
another, and a weight placed upon the circumference of the fly at the 
angle to each of the cranks, by which means the motion might be rei 
nearly equal, and a very light fly only would be requisite. This hi 
curred to me very early ; but my attention being fully employed in n 
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erecting eninnes fbr raising water, it remained m petio until abont tbt 
year 17*8 or 1779, when Mr. Wnshbroagh erected one of his ratchpt-wh<?el 
cngtaes at Uinningham, the frequent breakage* and irregularities of which 
reeled the subject to my mind, and I proceeded to make a model of my 
method, which answered my expectations; but having neglected to Cake 
oat ■ patent, the invention was cotnmunicaied by a workman employed to 
nuke the model to some of the [>e<iple about Mr. Washbroagh's engine, and 
. patent was taken out by them fur the application of the crank to steam 
' lies. This fact the said workman confessed ; and the engineer who 
ted the works acknowledged it, but said, nevertheless, the same idea 
lud occurred to him prior to his hearing of mbe. and that be had even 
nude a model of it before that time, which might be a fuct, as tlie applica- 
tion of a single crank was sufficiently obvious. In these circamstances I 
thongbt it better to endeavour to accomplish the same end by other means 
than to enter intojitigation, and if successful, by demolishing the patent, to 
lay the matter open to every body. Accordingly, in 1761, I invented and 
took out a patent for several methods of producing rotative motions fhnn 

cipmcating ones, amongst which wai the method of the sun and pbmeC 
rfaeela. 

** This contrivance was applied to many engines, and possesses the great 
advantage of giving a double velocity to the fly ; but is, perhaps, more sub- 
ject to wear, and to be broken under great strains, than the crank, which 
is now more commonly used, although it reijuires a tly-whcel of four times 
the weight, if fixed upon the first axia. My application of the double 
engine to these rotative machines rendered unnecessary the couatcr-weighu 
sod produced a more regular motion ; so that, in most of our great manu- 
factories, these engines now supply the place of water, wind, nad horse- 
mills ; and instead of carrying the work to the power, the prime agent is 
placed wherever it is most convenient to the manufacturer. 

" I do not exactly recollect the date of the invention of the double 
engine, but a drawing of it is still in my possession, which was produced in 
the House of Commons when I was soliciting the act of Parliament for the 
prolongation of my patent in 1774 and 1775, Having encountered much 
dificulty in teaching others the cotutmction and use of the single engine, 
and in overcoming prejodices, I proceeded no fbrther in it at that time, nor 
nntil finding myself beset with a host of pla^aries and pirates in 17H2, I 
thought it proper to insert it, and some other tbingSi b the patent above- 
mentioned. 
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ALBION HILU ■KaiK» 

** AVtf. 19. IS a Tertical section of one of the Albion Mill engines. The 
atesio-pipe conveys steam from the boiler to the cross-pipe, or upper 
«(eun-noxs!e G, and by the per]>endiculnr steam-pipe to the lower 
aCeam Doztle. In the nozzle G is a valve, which, when open, admits 
ateasB into the cylinder above the piston through the faorizoatal square 
pipe at its top ; and in the lower steam-noazle there is another valve, 
'which, when open, admits steam into the cylinder below the piston. In the 
tapper exhaustion-nozzle is a valve, which, when open, admits »team to 
p«aa fmiii the cylinder above the piston into the exhaufition-pipe J, which 
eonveys it to the condensing-vessel M, where it nieels the jet of the injec- 
tioo from ibe cock N, and is reduced lu waier; and. in the lower ex- 
haustion-nuzzle, there is also a valve, which, when open, admits steam 
to pass out of the cylinder heluw the piston, by the eduction-pipe, into the 
eondeaier M. 

** The piston being at the top of its stroke, the valves G and L ai« to be 
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opened, and the fly-wheel m turned by hand about one-eighth of a revolo* 
tion, or more, in the direction in whicFi it is intended to move; the steam 
which is then in the cylinder wiM pasa by \, into the condenser, when, 
meeting the jet of water from the injeotion-cock, it will be converted into 
water, and the cylinder thus becoming exhausted, die steam, entering the 
cylinder by the valve G, will press upon the pi&ton and cause it to descend, 
while, by its action upon the working beuni through the pi.-itnn-rod, &c., ir 
pulls down the cylinder end of the beam, and raises up the other end and 
the connecting rod A, which causes the planet-wheel, r, to tend to revolve 
round the suo-wbeeiy ; but the fonner of these wheeU, being fixed u|)on 
ilie connecting-rod so that it c»nnot turn upon its om'u axis, und its teeth 
being engaged in those of the sun-wheel, the latter, and the fly-wheel, upon 
whose axle or shaA it is fixed, are made to revolve in the desired direction, 
and give motion to the niill-wurk. 

" As the piston descends, the plug-tree, Z, also descends, and a clamp or 
slider, q. fixed upon the side of the plug-tree, presses upon the handle, I, of the 
tipper V-khaft or axis, and thereby shuts the valves G and L \ and the same 
operation, by disengaging a detent, permits a weight suspended to the arm 
of the lower Y-shaft to turn the shaft upon its axis, and thereby to open 
the other valves. The moment previous to the opening these valves 
tbe piston bad reached the lowest part of its stroke, and the cylinder ubow 
the piston was filled with steam ; but as soon as H is opened, that steam 
rushes by the eduction-pipe, J, into the condenser, and the cylinder abovt the 
ptitoo is exhausted. The steam from the boiler entering by I and K arts 
upon the lover side of the piston, and forces it to return to the top of the 
cylinder. When the piston is very near the upper termination of its stroke, 
another slider, a, raises the handle, and in so doing disengages the catch 
which permits the upper V-shaft to revolve u|K)n its own axis, and open the 
valves G and L, and the downward stroke commences, as has been reUteiL 
When the piston descends, the buckets, R T, i>f the air-pump P, and hot- 
water pump T, also descend." d,/w the rods and links of tbe parallel 
motion, W the governor communicating with the throttle valve 1., br 
means of the lever X. The second air-pump, T, is not used in modem 
engines, and the sun and planet wheels have given place to the crank ; but 
this engine is as capable of a good perfcinnance as the best engines now 
made. 

In the first double-acting engines constructed by Mr. Watt, the motion was 
imparted from tbe piston rod to tbe beam by means of a nick and sector, the 
upper part of the piston rod being toothed, and working into a fxithed are 
at the end of the great lever. This plan, however, was found to be objec- 
tiomible in practice, as the teeth shifted their point of contact to their oppo- 
site sides at every lorn of the stroke, and the noise and concussion thtw 
occasioned gave rise to injury and inconvenience. To obviate these ol^cc- 
tioni^ Mr. Watt contrived a method of connecting the piston rod to the 
beam by a link and at the same time counteracting the disturbing influence 
of the beam radius, by means of an expedient termed the parallel motiun, 
for which, and some other improvements, he took out a patent in 1784. 
This was bis fourth patent, his first being for tbe condensation of the steam 
in a separate vessel, his second for the production of rotatory motion, and 
his third for working steam expansively, and for the double action engine. 
The fourth patent is full of ingenious contriv.-mces, some of which we may 
here enumerate. The first of them is a new rotatory engine, which might 
not be unappropriately termed a steam turbine. A vessel shaped like a de- 
canter is divided vertically by a diaphragm, and poised upon a pivot at the 
bottom, whilst the neck is pat in connection with a steam pipe. Each com- 
partment is provided with a valve at the bottom opening inwards, and with 
valves at the neck, by which the steam may be admitted into each compart- 
ment alternately. Tbe vessel is immerged in water up to the neck, by 
which means both compartments are filled with water, and the steam being 
then lei into one compartment forces out the water through an appropriate 
aperture at the txtttoui, and puts the instrument in revolution aAer the same 
fashion as a Barker's milL So soon as the water is expressed ont of one 
compartment, the steam is turned into the other, and that first acted on 
becomes again full by the rise of the water through the bottom valve, when 
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iar« is witlidnirn, and U ihni ready to be again acted opon 




the tteam pn 
■a at fint 

The second contrivance mentioned in this patent is the parallel motion, 
uf vhich setreral varii-tie* are reprwi'nted. Let A B and C D (Jig. 30.) be two 
le»er« situated one nbore the other in thcsaine vertical plane, and connected by 
the link B D ; during their movement into the position indicated by the dotted 
lines, the point E will not deviate sensibly out of the vertical line. If, there- 
fore, AB b« supposed to be half of the beam of an engine, and the piston 
rod be attached to the point E, its proper action will be undisturbed by the 
motion of the end "f the Ix-am in tbe gegroent of a circle. This kind of 
parallel motion, however, is not very often employed , but a kind termed 

the complete parallel motion, dc- 
* scribed in the same specification, 

is now employed almoct 
universally in the case 
of land beam engines. 
Here AB 0^.21.) is 
half the beam as before, 
A being the main centre, 
B B the main links con- 
necting the piston rod, 
F, with the end of the 
beam, O D the air-pnmp 
links, from the centre of 
which the air-pump rod 
is suspended. The- rods 
CD and ED are thoae 
which give the parallel- 
_ ism. C D is moveable 

"ismlj round the fixed centre C, bnt ED is not only moveable round 
Ih* ooiire D, but the centre itself moves in the arc described by 
C D, and by this action £ D redresses the distorting influence of 
its own radius. 

The next expedient described in this specification that we shall 
mention is a method of working a forge hammer by the direct force 
of steam without the intervention of cams or wheel-work. This 
contrivance has been of late re«u»citated by Mr. Nasmyth of Patri- 
croft. and inventions are continually being propounded as new and 
improved methods of operation, which are to be found in all their 
integrity in Mr. Watt's specifications. In his third }iatent, for ex- 
ample, we have a new variety of engine which is thus described : — 
" My fifth new improvement oonsisU in making the steam cylinders in the 
furm of greater or leaser segments or sectors of cylindrical vessels ; and 
placing in the centre or axis of the circular curvature of such vessels a 
round shaft or axle which passes through and extends beyond one or 
both ends of the stcam-vcssel, and I shut up the ends of the steam-vessel 
with smooth Ant plnto« which have proper apertures for the axle or shaft 
to pass through -. and within the steam-vessel I fix to the axle a plate by 
way of piston, exieitding t'niin the axle to the circular circumference of the 
Steam-vessel, and also extending from one end of the steam-vessel to the 
(ilhrr end th4Tvt»f. and I make such piston steam-tight by surrounding 
the |i«r^« whirb fft to the steam-vessel with hemp, or other soft substances, 
soakcl 'i .' oil by means of springs made of steel, or other solid and 

elantic '■ . iterlals; and within the steam-vessel I fix one or more 

plates or '.-^ >,"•>!'> extending from the axle to the circumference of the 
rtMHt-vCMol i and where these plates or divisions join to or approach to the 
txle, uid alao where the said axis passes ihroujth the end plates of the 
atcam-vcsset. I make such joinings steam or air-tight hy similar means." 
This, in all its main features, is identical with the engine lately projected 
by Kricwm, aud tlxed by him on board the United States steamer, " Prince- 
VM." Aguin, in line of thew |iat<.'nlji we have the contrivance known as 
the trunk rnginr, which eoiini^ixufan engine with a hollow piston rod, within 
which (he cnunectinj; rod librates. We have also a portable engine and 
inaehioery for inoviug wheel carriages, and it is slated that the steam may 
either be diachargcd into the air after having given an impulse to the piston, 
or partially condciuu'd in vessols exposing a large surftce to the atmosphere. 
Indeed* there is scarce an invention in steam machinery hitlding out any 
rwaaonabUi advantage that ha* been propounded since Mr. Watt's time, of 
which the germ, more ur leas developed, may not l>e found in his patents or 
iu \i\n |iriirtic<'. 

When steam-engiBM wffv first employed to turn millwork, it became 
a«oeasary to employ some expedient to make their movements more regular 



than they had hitherto been in the performaDce of tbeir formtt 

of raising water. In his single-acting engines Mr. Watt had Wea ii As 

habit of using a valve called the throttle-valve, to modify the speed df k 
piston ; and in a case where uniformity of motion was no gitat eaa» 
quence, it was sufficient to regulate this valve by hand aa ocf aioii iu|iiiili 
but in the impulsion of millwork, especially of that dcscriptioQ Rapit^ilfe 
the cotton manufacture, a perfect uniformity in the engine apocd bcKaiH n- 
tremely important. This, it was obvious, could only be accoropliahed by mm 
automatic contrivance, by means of which the engine might be andc toRdm 
its own irrejiuluritii-s, and by the application of the governor Mr. Watt |w» 
fectly accomplished the desired object The governor had prerioaaly hn 
applied, after a very rude fashion, to the regulation of the motion «f vindM^ 
but in its present form it is the creatiua of Watt, and it has received aa ■• 
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prarenient since it left bis hand. To our less proficient readers a 
si'nlation of the governor, and an account of the manner of its npplii 
rcfrulafe the throttle-voivc, may not be unacceptable. A (Jig. 2.3.) is the 
the throttle-valve, and Z the valve itself, turning on a spindle which pM 
throngh its centre : a is the steam pipe, v the throttle-valve lever, on wl 
the rod H proceeding from the governor acts ; D D is the spindk d 
governor, which is put into revolution hy means of a belt aetiag 
pulley d; E E the balls himg on the ends of arms, which cross eaeb 
e. like a pair of scissors. On the spindle D D being put into aMtiM, 
balls recede from the spindle by virtue of their centrifogai force, nJ 
doing so draw down the collar, into which the lever F works, by 
the links/, h. By depressing the end F, of the lever, whose centre ii tf 
its end II is of course elevated, and the valve Z is thereby partiallr 
the effect of which is to redress any extra speed of the engine. whuA 
have caused the balls to diverge beyond their accustomed range. 

The engines erected by Messrs. Boulton and Watt, about 1785, for |H 
motion to lite machinery of the Albion mills, contained all the ioifd 
nients that we have enumerated, and those engines are the type Crow ■! 
land engines, up to the present time, have been constructed. Tbt lO 
planet wheels, indeed, have been discarded in modem engines in frvotf 
the crimk, and the main lever is now mnde of iron instead of wood. 
modem valve gearing is also different, and works more harmonioaal;. 
slide valve being used instead of spindle valves moved with tapprU; 
although the engine is made more elegant by these modifications, it it 
made more effectual, and the engines of the Albion mills have bcea < 
little exceeded in their perfonnance by the best modem engines, wl 
work with the same measure of expansion. 

The valve gearing applied to the engines of the Albion mill*, whiek 
that generally employed by Messrs. Boulton and Watt at this V^\ 
worthy of being described, add (Jig. 24.) is the steam pipe commuaietl 
with the compartments h and e, above the steam valves, gg is the 
pipe communicating with the spaces h and i, below the edttdkft^ 
The spaces r and /communicate with the cylinder. 

In the gearing, as represented, the upper steoni and noder 
valves are open, so that the piston must be in (he act of di 
ing. Z is the throttle-valve, / tlie plug rod, 2 and 3 the tappets, whidi 
motion to the lever t, sitnated on the shaft «, and by means of whiA 
upper eduction and lower steam valves are opened and shiu throo^ 
milium of the rods 1.3 and 14. The handle r on the shaft ( is mi: 
tnp(H:U on (lie other side of the plug rod, which are hardly vi 
thw view, and opens and shuts the upf<er steam and lower educr'"'^ 
at the right intervals by means of the roil.t 10 aud 11. The 
kept ahBt by weight* suspended from the levers 4 and 15, the l 
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Kjl dlitanco over the centre, when the vutvc is closed and the gravity 
^eights thiis tendinis lo keep the Talves closed firmly after the manner 
tsmbler. The levers and rods, it vrill he obM^rved, are ia the some 
light Hue when the valves are closed, and it is therefore impossible tliat 
\ exh&uj>tiog Talvejt can be forced open by the pressure of the gteam. 
kia kind of mlve paring was found to be very effectoAl so long us il 
naiaed in good order-, but in the event of irear or mal-ii'ljutftment u con- 
bimble lenkage of steam took place through the eduction valves, and it 
!• therefore found preferable to employ a species of eduction voire that 
la prewed closer by the steam. Of these iiiipntved valves one of the 
M elegant varieties is that contrived by Mr, Murdoch, of which we here 
re a representation. adiJ(Jhj. 25.) is the steam pt[>e, and Z the throttle- 
Ive, aa before; j^qthe eduction pipe, joined to the upper and lower com- 
Rnents h and <'. Yhe .spindles of the eduction valvoe pa^ up through the 
Indies of the steam valves, the eduction valves being connected with the 
rm 18 and '20, aod the steam valvee with the leverv 19 and 21. Of this 
III"'* " ' iiff Wr. Farey has given a very elaborate account, which we 
|c c« for the benefit of such of our readers as have virtue enough 

•• The ralvea are raised by suitable short levers fixed upon harizontn) axes, 
kieh are mounted in brackets filed to the front of eoflt box in which the 
Irea are contained, and rising up above the cover of that box. The 
Indie of each of the exhausting-valves has a square opening through it 
V ita apper end, to receive the extremity of the lever by which the valve 
Ito be raised ; and the hollow spindle of each itcam-vatve is included 
iwM>n iKp extremities of two levers, which are affixed upon the same 
^ I to each other, and those extremities enter into a circular 

iiK-d round the outside of the stuthng-box at the top of the hollow 
inrUltf, so as to enable those levers to lift op the gtulfing-box and the valve. 
Upper end of the spindles of the exhausting-valves ore received in 
led guides which retain them in their vertical position, and the lower 
of the same spindles are retained in sockets in the centres of the valve 
Ita. The spindles being thus guided at their upper and lower ends, the 
Irea will rise and fall very correctly into their strata. The steam-valves 
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are guided by the same spindles which pa» through them, and also by the 
stufhng-boxea through which their hollow spindles pass in the centres of 
the covers. The utmost accuracy is required in the execution of these 
oossels to make the seats for the two valves exactly concentric with each 
other, and also with the upper edges of the boxes where the cover* are 
fitted on, and wiih their stuffing-hoses. The horir.ontal axes of the levers 
by which the valves are lifted, have other levers 18, 19, and 20, 21. fixed 
upon ihem, and projecting out in an opposite direction in front : the ends 
of these levers are connected by the upright rods 10 and 13, »o as to unite 
the levers for the upper and lower valves r, j, in two pairs. The levers 20 
and 21 can be prolonged, as shown by the dotted lines in Jig. 24. by insert- 
ing the ends of hef* r and » into sockets formed oo the top of each lever ; 
these ban serve as lever handles, and by depreaung them the eoginp-man 
can open either pair of volves, in order to start or stop the engine. The nwl 
10 connects the end of the lever 20 for the lower exhausting-valve with the 
lever 19, of the upper steam-valve, and when the handle is depressed it 
opens both these valves in order to produce the descending stroke of the 
piston. The rod 13 unites the lever 21 of the lower steam valve, with the 
lever 18 of the upper exhausting-valve : and when the handle, «, is de- 
pressed, it opens both these valves to make the descending strtike «>f the 
piston. The valves tend to shut by their own weight, but that would nut 
be quite sufEcieat ; therefore two roda lli 12 are jointed to the ends of the 
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lerers SO, 31, to connect them with tbe upper ends (, v, of two Incliocd 
f«TerK (16, and ■ 17, which are poisved upoa a cylindrical part of a hori- 
lontal axi« 3, 3, and can turn freely round upon that axis, as a centre of 
tnotinn ; these lerers are inclined in opposite directions, and cross each 
nihar like the two blades of a pair of scistors. The opposite or lower ends 
of the inclined levers are connected by links 16, 17, with balance treadles 
15, 4, which are levers loaded with weights, tending to draw down the 
lower ends of the inclined levert bo as to caose their upper ends t, u, to 
bear upwards ; (his action is transmitted by the nxls 11, \'i, and 10, 13, to 
the outer ends of the several levers of the valves, in order to press down 
the opposite ends of these levers, which act upon the valves and thus 
cause the valves to shut down close into their seats, whenever they are 
allowed to descend. In opening c-iiber pair of the valves, whether it is done 
by a man with the hatldles r or «, or by the working-gear of the engine 
ifaelf, the weight i or 15 belonging to that puir of valves roust be over- 
come and raised ; and the effort made by the weight to return, tends to 
close that pair of valves. The working-gear is moved by un excentric 
Circle, nhich is fixed upon the main axis of the crank ; it is a circnUir 
ring, with u groove formed round the ed^e like a pulley ; and it has a 
round hole through it, the centre of which is aliout six inches out of tbe 
centre of the circle. This excentric is fixed fast upon the square axis by 
four wedge pieces, which are applied up<>n the four flat sides of the square 
Bxia, and the oulsides of the pieces are formed convex, so as to till up the 
round bote through the excentric ; these pieces are driven tight into the ex- 
centric. BO M to jamb it fast npnn the axis, that it cannot slip round upon 
it. A circular brsM ring is applied in the groove roond the edge of the ex- 
centric ; it is made in two bcmicircles put together, and lirmly united by 
nuts screwed upon bolts, which pass through ears proiecting out from 
each semicircle ; these b<jlfs are the extreme ends of the two branches of 
the conipouDil-rod 2, 2, which conveys the motion of the excentric ring to 
the working-gear; the two branches are joined together into one rod at 
the end neur<-«t to the cylinder, but they diverge from each other, so as tOi 
include the eccentric ring between the screws which are formed upon the 
other ends nf iheni ; one of those screws being over the top of the ring, 
and the othiT beneath the bottom of it When the axis and the excentric 
turns round, it will move the rod 2, 2 backwards and forwards tlsrough 
■ «p.-ice of abriut 12 inches at each revolution. The excentric projects 
out frntu the axis on tbe same side as tbe crank projects out tberefVom ; 
cuniteiinently when the crank pin, in moving round in its circle, arrives 
n(.<ar]y on a level with the axis, and the piston is near the middle of its 
stroke, tlie rod 2 will have been moved by the excentric, lo the full limit 
of it* course, uml will be setting out on its return. When the crank is 
nrarly in a line with the counecting-rod, and the piston is near the lop or 
bottom nt its course, the rnd 'i will have arrived at the middle of its course. 
The end of the comp«und-ro<l 2, 2, where the two branches are joined 
into one ro<l. rests u|>on u small roller which is mounted in a box fixed near 
the eilge of the condensing cistern ; this roller bears the weight of thutend 
of the rod, and allows it to move backwards and forwards ; the end of the 
rod is prolonged beyond the benring on the roller, by another short rod 
which is jointed to it, and which acts on a pin at the lower end of a lever 
S, fixed iiiMia the horizontal axis 3, 3, near to one end of it By this means, 
at every roinpleie stroke of the piston, the axis 3, 3, is turned backwards and 
forwards nlx>iit its own centre line ; it ia supported in two bearings, one at the 
extrt'nu' end fixed to the side wall, and the other is supported by a bracket, 
wli' ' -^ • - nutft-ombeneath the lowerbox.t.of thenossels.andiftfttstened 
by ' ti> ears which prujeot out from the lower part of that box to 

fiC'-- -rows. The iDcliued levers t 16 and u 1" are fi'ted freely 

npon a cylindrical part of the axis 3, close to each side of the latter hearing. 
To open tbe valve*, two short levers 32, iH are fixed fast upon the axis 
9, clo«« at the sides of the loose inclined levers t 16 and w 17 ; the ends of 
}hfi short levem are like hooks or claws, which turn sideways over the 
npevr CDd^ ( and w, of the loose levers, in such manner that when, by the 
raciproeaiing motion of the axis .*<, either of the cUwt 22 or S3 is depfetaed 
Wlow ■ eertiiin position, the hooked part of that claw will preM opon that 
lever I or u which belongs to it, and will force that lever down, so u to 
lift up and open one pair of valves by the connexion of the rods and 
levcra II. 20. and 10, 19, or 12, 21. and 13, IH. That pair of valves which 
IS thiu opened will tie kept open, until the claw 22 or 'J3 returns, and lets 
tbcm down again by their own weight, aided by that of the loaded lever 4 
or 13 i but when tlin valves »re shut, the hook at the end of tbe claw 22 or 
an ri... ..t. Miwl i|itita the lever t or u. which then rematna Mationary 
wi<' Mg the claw. The working gear is so adjusted, that tbe 

in»i ' H' of the claws 22 or 2.1 has allowed one pair of valves to 

close ibeiit4<-lve«, and is beginning to quit its inclined lever ( or v, the 
opposite claw t1 nr 2.1 will come in contact with the other inclined 
lever, and will \>v]i'm to open the ottier pair of valves; for the two levers 
t find H beiB|{ iui-linrd in opposite directions, they are acted upon aller- 
nslaly by the iwn claws 22 and 2^ ; one pair of volvca being opened 
when Ibey move Kaek wants, and the other pair when they move for- 
wards 5 Iml one p.-iir of valves i* always closed before the other ia opened. 
When the engine is properly at work the axis 3, 3 i« moved continually 
bnckwar'ls and forwards by the connexion of its lever 6 with the rod 2 
of the excentric; hut by lifting up the end piece of that rod, it can be 
diMfngaifad fK>m tlie joint pin at the end of the lever R, beeanse the eon- 
Bectkta M oaJy uadp by a notch in the under side of the rt>d which fits 



over the joint pin of tbe lever 8, so as to cause tbe lerer lo 
motion which ia given to the rod, by the ring of the excentric, 
the end rod rests by its weight u[Kin that joint pin, but if the 
raised up, its notch will quit the joint pin of the lever 8, and I4 
lever ut liberty ; in which case the wcigliU 4 or 15 will instantly «l 
pair of valves, which may be open, unless they ore held opu by 
down the handles r and » by the band. The end piece of tbe rod 1 
lifted up by a lever 23. and screw 24; this lever moves abont 
centre at the upper end of an iron standard, which rises up from 
of the condenser ; one end of the lever 23 extends beneath the (9 
of the end piece of the rod 2, and the other end is jointed to % »i 
24, tbe upper end of which is a screw, and is received in n not 
a small bracket, which projects out from tbe side-pipt* g. The 
handle by which it can be turned r(.>nnd, in order to deproH 
and raise the other end of the lever, so as to lift ap the e: 
rod which is jointed to tbe end of the rod 3, and thus diseagi^ 
from the joint pin of the lever 8. The lever 8 is madt.- douUe, 
the rod in the interval between its two sides, and when the 
borne up by the lever 23. tbe rod can move freely backwania 
wards within the double lever 8, without commouicatioj^ voj 
it- Tbe cylinder, with itit piston, cover, and bottom, and its 
are the same as m Mr. Watt's former engines. The steam 
together round the cylinder in six pieces, joined together by 
b«jlt8 ; there are three segtiients to fonn the circle, and two 
segments in height ; one set i« fitstened by a flange at top, to the 
of tbe flange round tbe top of the cylinder, and the other set ii 
a similar manner to tbe lower flange of tbe cylinder. Tbe 
bottom of the cylinder, and thut of the base or fklse bottom 
which is to contain steam to keep up the heat, are all united \>j 
bolts which fiulen the ateam-case by passing through all tbe fciar 
The large bolt* which fasten the cylinder cover, pass through 
filange of the steam-case, and as many imsller bolts are inset 
spaces between the other large botts, they pass through the flan^ 
steam-case and of the cylinder, their beads being opnntersoak 
upper surface of the flange of the cylinder, and the nuts 
lower set of segments of the stenra-case are enlarged at their 

10 form a circular socket for the reception of the lower ed^es of 
set of segments, and the joint is made tight by ramming in I 
tallow ; this joint allows the steam-case to accommodate itself to (h( 
of the expansion or contraction of the cylinder by the best. Tkf 
of the cylinder is hollow within, to prevent the transuustida d 
In larger engines the hollow space is filled with steam by s wad 
of communication from the steam-case. The false bottom beoM 
cylinder Is siipplieil from the steam-case in the same manner. Tbtl 
case is supplied widi steam by a small branch from the steam-pipe < 
regulating cock; and there is also a syphon pipe, proceeding Ai 
lowest port of the steam-case, to drain away the water wlueb <■ 
therein. Tbe condensing apparatus within the cistern G it the laBM* 
Mr. Watt's engines, llie lower end of the eduction pipe y is joiod 
socket joint to the top of the condeniver. The foot valve is in iht f 
between the bottom of the condenser and the bottom of tbe ur-pa| 
tbe discharge valve, frt^m the top of tbe nir-pump, is within IhelA 
The blow-valve to discharge the air from the condenser is fitted Hit 
of a jimall pipe, which passes through the side of the condensiueM 
and the blow-valve is covered with water contained in a small ctMl^ 
on the outMde of the large cistern G. The condensing cistern nM 
wood ; hut, in most of these engines, when the cistern has become 4(( 
it has been renewed by a cast iron cistern. The injection is id 
into the condenser through a small sluice-valve, the openingof till 
regulated by turning the nut of a screw formed on tbe apper i 
an upright rod j, which rises up from that valve. The not hast I 
to turn it round, and is supported in the same bracket as llM I 
the screw 24 for disengaging the working gear. The slnioe^ 
a square brafs pUite, the flat surface of which is fitted afUMt I 
rexpooding plate (listened to the ouL^ide of the condenser, ud lani 
oblong aperture through it, to admit the water whenever tbe ilukt 
is drawn up so high by its screw j, as to uncover a part of tbe bolei 
sluice is screwed quite down, it covers and stops the hole entirely, 
sluice-valve is retained in its place against tbe fixed perforated |iil 
ledges., which are fas^tvned to tlie latter at each side, ao as to formal 
which includes the edges of tbe valve. The aperture is ]| iochci •• 
3 inches high ; and when the engine is working properly, lbs tfl 
commonly drawn up, so as lo open I \ inches high, making an IBOI 

11 square inches for 36 horse power, for an engine of 31 inch ejbal' 
6 feet stroke. The foundations upon which the engine is fixed «tl 
solid ran-sonry ; a thick wall, X, extends across the bouse, to foraH 
for tbe cylinder ; auother wall extends nearly across tbe boose. baMi 
centre of ihe great lever; and from this a wall proceeds to the sad I 
house, lo sustain the bearing for the neck of the main axit of tkel 
A boriaontal passage, called the tunnel, is lef> beneath tbe«c tmoAiA 
give acceu lo tbe lower ends of tbe foundation bolts, by wbieh dwi 
ent ports are held down. The tunnel extends beneath all the IcogAi 
building, and it has cross branches to pass beneath the bcnrinfll 
main axes. The pasaage is large enough for a man to paa» 
through it" This mgenioiu kind of valve uppoiutus has stnee 
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1 \ij the slide valve, an inrention that also emanated fVom Soho, and 
I now the almost universal expedient for goveniing the flow of steam 
from the cylinder. Of the slide valre Siere are gereral variet)e«. 
ma«t common kind, is that which assumes the form of a hal/ 
r; and. which is called Die D valve, from the shape of its cross 
The eeceutric is now adopted almost aniversally for moving the 
}f rotative engines : Mr. Murdoch waa the author of tins elegant 

DL 

nimming op Mr. Watt's character as a mechanical inventor," says 
ey, " he will be found to occupy the same supereniinent station 
that class ns the illustrious Newton held among philosophers of a 
»rder." The comparison is, we tbiuk, a just one, but scarcely i>uf- 

illiutrative, as it only repeats to the imapinaiion an almost iilentical 
and we prefer, therefore, to represent Watt us the iShakspeare of 
ical science, for he owes his greatness to the some hifth gifts which 
ished the prince of poetry. There is no power for which Watt 
re remarkable than an inexhaustible fertility of invention, and in- 
is the poetry of science, for it springs out of an action of mind 
larly akin to poetic ideality than logical demonstration. Like his 
etictil progenitor the untaught mi'{:hanist could Bo;ir without eifort 
iddiest heights of fancy and conjure up wilder visions and more 

combinations than those even who seek to catch the popular wonder 
Wentriciiy of their speculations, and, like Aim too, he could, without 
in his course, come down from these airy summits to the most 
etails of ordinary life, and become as practical and worldly as the 
of those who never knew a throb of entbusiasm, and whom nothing 
duce out of the beaten track of a pasjiionless experience : but the 
elements were so happily hiendod in his composition, and his hi^h 

sat upon him so gracefully, that the most speculative coiild find 
rtiou against him for want of boldness or ingenuity, nor the most 
I for want of steadiness or circunispectinn : and he walked abroad 
Olid of mechanical creation, and selected fKim tts stores the ma- 
gat adapted to his combinations — ever able to produce new where 
table already existed, hut with a thrift like that of nature declining 
ise any greater power than was demanded by the exi^'noies of the 
. There was no vain passion for novelty, and no de.«i^ it[hon the 
admiration in any one of Watt's innovations : be adhered to the 
forms of mechanism so long as it was pocsible to retain tlieni cou- 
with the due developement of the great principles of imprnvenient 
niarked out, and there are no traces to be found throughout his 

of new devices, of that obliquity of judgment which arises in 
minds from a partiality for their own creations. Men of genius, 
!y lays; have usually an undue partiality for their own ideas — a 
arcDtal affection which does not allow them to make fair selection 
ir joint stock of acquired and created ideas. We suspect, however, 
partiality arises from too little genius rather than too much, for 
inot he much partiality felt for ideas which spring up si«intaneou.sly 
ind in a rapid and rich luxuriance, and it is only in sterile ima- 
t that every straggling conception can be thought precious. It 
l>e fkct, therefore, that judgment and invention are antaj;»iiistic 
! bat when the imagination is active, and new conihinaliuns can 
ed with ease, the judgment is left unimpeded by the fondness 
aire for their own devices when they are the produce of many a 

hatever theory may be formed on this subject it is at least certain 
greatest masters of invention have been the least transported with 
idour of their own genius, ond have been hut little disposed to 
ite the importance uf their creations. Sbaksipeare, after having 
his immortal dramas in the brief space of his early manhood, 
nto the obscurity of a provincial town, apparently without the 
jft^ of having done any thing uncomnioo -, and«o easy did all his 
^r to Watt, and so readily did his imagination suggest to him the 
raious and proibund explanations, that it is hurd to reconcile the 
'difficulty with the spectacle of so much facility, and it becomes 
J to compare him with others before we can form a true conception 
Brits. To what an exaltation, for example, does he not rise by a 
on with Smeaton ! — certainly, next to Watt, the greatest mecha- 
linfl of his time, and one thnt haa not been excelled by any which 
Mred since that epocli. Ve began his improvements upon the 
gine about the same time as Watt, and he accomplished all, per- 
t eonid be expected of a patient and technical mind ; but the genius 
■aocnded from the narrow circuit of actual experietice into the 
eldf of imagination, and drew from thence the inspiration that 
ill RibMquent achievements. Smeaton was able to impracc, but 
I able also to ereatt ; and as he had never received any practical 
his mind was free from the fetters of authority, and the fire of }iis 
ton, nnquenched by the chilling dogmas of a sect. Much of his 
I, we think, due to the unsettled condition «if his early life, which 
I and demanded a wider range of thought than if its eicercise 
restricted to a single occupation; and the condition of an humble 
ras much better adapted for the developement of his genius than 
»f academic shades, or the vanities of scholastic discipline. Had Watt 
1 in the atmosphere of Oxford, he would have sul)slded, in all pro- 
into an expounder of the metres of Pindar : or had his imagination 
ten iu the schools, he would have auuk, in all likelihood, into a 
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mere professor of engineering. It is from the race of artizans that genius 
Lt cliiefly recruited, for the imaginations of the illiterate can at least have 
fair play, and their spirits are not quelled by the presence of those idols of 
perfection, befor.- which the learned bow down in adoration. Homer. So- 
crates, Shakspeare, Bums, Watt, and almost all great original spirits, have 
Bpruiig from the condition of humble life, and the splendour of their genina 
is due in a great measure to that happy accident, for they hod thus no prece- 
dent constantly before their eyes, within ihe boundary of which they had to 
restrain their inspirations, but followed nature without wavering through all 
her varied aspecu, and without suffering any idol to interpose between tbem 
and that uoeat uout, of which tht-ir own glory is the reflection. 

It ought to be needless to guard this language against the suppositinn 
that we hold all learning to be uselcM, or that science can he of no value 
to the operative engineer ; but it is the tendency of such an attainment, we 
fear, to lead to a neglect of more serious qualifleotions, and to quench that 
fire of the imagination in which all invention has Its origin. There will 
be fewer errors committed, no doubt, as mankind become more learned ; but 
there will also be less originality and adventure ; and although dulnetts may 
be raisi d to a higher proficiency, we fear that genius will fail to achieve 
such mighty advances, and will experience greater difhcnlty in rcaditng 
its natural exaltation. It is the tendency, indeed, of all education to redreM 
the nnetjual dispensations of nature, and while raising up the feeble to cast 
down the strong and the aspiring. The hot -beds of a college may produce 
abundant crops of engineers; but such men as Brindley, Kennie, Telford, 
and Watt, are not forced into greatness by fictitious heats, but gather 
strength from the vicissitudes of that rngged and inhospitable region where 
the artizun unfolds bis rich gifls to heaven, and the practical capacity indi- 
genous to the soil is cherished by the sunshine and invigorated by the 
storm. One cause of Watt's greatness as an engineer is traceable io the 
fact, that he wus not an engineer merely ; and this is made ao clear by Lord 
Jeffrey's sketch of the character of Watt, that we shall here introduce his 
exqui.Hiie delineation; — 

"^ Indcfpcndently of his great attainments in mechanics, Mr. Watt was an 
extraordinary, and in some respect* a wonderful wan. Perhaps no incL* 
vidual iu liis age possessed so much and such varied information, had read 
so much, or remembered what he read ro accurately and well. He lis/1 
infinite quickness of apprehension, a prodigious memory, and a certain 
iiectifying and methodising power of understanding, which extracted some- 
thing precious out of all that was presented to it. His stores of nii.scel- 
laneons knowledge were immense; and yet less astonishing than the 
command he htd at all times over them. Jt seemed as if every subject that 
was casually started in conversation with him bad been that which he had 
been la«t occupied in studying and exhausting: such was the copiousness, 
the precision, and tlie admirable clearness of the information which he 
poured out upun it without effort or hesitation. Nor was this promptitude 
and compass of knowledge confined in any degree to the studies connected 
with his ordinary pursuits. That he should have been minutely and ex- 
tensively skilled in chemistry and the arts, and in most of the branches of 
physical science, might perhaps have been cotyectured ; hut it could not 
have been inferred from his usual occupations, and probably is not gene- 
rally known, that be was curiously learned in many branches of antiquity 
metaphysics, medicine, and etymology, and perfectly at home in all the 
details of architecture, music, and law. He was well acquainted, too, with 
most of the modern languages, and familiar with their most recent literature. 
Nor was it at all extraordinary to hear the great mechanician and engineer 
detailing and expounding for hours together the metapbysicBl theories of the 
(iennan logicians, or criticising the measures or the matter of Germsn poetry." 
It was this promiscuous occupation of the mind, and the energy of imagination 
which flows from such an exercise, which raiited Watt so high above all com- 
petitora in the career of mcehonical improvcnunt ; so thnt during the interval 
employed by Smeaton in working out a few insignificant improvements, 1m 
bniught to maturity thtise miracles of inventive power, which have earned the 
world's admiration, and which the ex|ierience and ingenuity of mankind, for 
the best part of a cetilury, have vainly endeavoured to transcend- In some of 
the engines indeed, latterly constmctcd in Cornwall and other places, which 
work with high-pressure sleatn expansively, a greater measure of economy 
in fuel has been attained than Watt ever realised ; but that result is not due 
to the discovery of any new method of operation, but arises merely from 
the larger application of the great principles Watt marked out than in hi« 
time would have consorted with the prejudices of the public. No one 
knew better than Watt did, that a most important economy was to he gained 
by carrying the principle of expansion to a higher pitch, and using steam 
of a higher elusiicity than he had yet dared to employ ; but he knew »>> 
well that the use of steam of a high pressure was not unattended with danger 
in those days of mechanical inexperience, and he would not risk an accident 
for the sake of adding to his gains, or heightening the popular asto□i^h^lenl 
However far we may proceed in the path of steam improvement, we shall find 
unequivocal traces of \^att having been there before ; and the conceptions 
which start up in our minds, and which at firM sizht we believe to he ori- 
ginal and important, we shall find on inquiry to have previously suggested 
themselves to his imagination. The fact appears to be that the track of 
knowledge chosen by him ha* been so tborouRbly explored, that he has left 
nothing for his successors to discover ; and we do not at present see bow 
any material improvement can now lake place in steam-engines except by the 
introdactioa of new powers of nature, which the progress of discovery may 
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reveal. The machine may, perhaps, be thrown into stiQ more commodious 
forms, and grater niceties of workmanship may be lavished upon its con- 
struction ; but every thing is to be got by Watt's principle of action, that 
mere fire and water can give, and the next step of improvement must be 
the employment of cheaper oi^encies. And though the present steam-engine 
may pass away as it no doubt will, and cease to have any existence, ex- 
cept in the page of history. Watt's glory will suffer no obscuration, but 
in the lapse <>f years must rise to a wider and brighter efful^nce. 
However excellent or extraordinary the new mechanism may be, it will, we 
believe we may predict, rather be compounded of the ideas of a multitude 
of minds, than be the product of a single master spirit ; and ages must 
elapse before another such example of intellectual strength as Watt pre- 
sented can be given to the world, or before nature con be expected to 
recruit the power necessary to so marvellous a creation. 

But it is not merely the invention of all that is admirable in the stmctnre 
of the modem steaui-engine that gives Watt a claim upon the world's admi- 
ration. Nearly all the great inventions of the age have had their origin or 
practical developement at Soho, among which we may enumerate gas light- 
mg, bleaching by chlorine, warming apartments by steam, coining money 
so as to obviate forgery, the copying press, and many other devices. Lord 
Stanhope's printing press, again, is a manifest copy of the system of com- 
pound levers, contrived by Mr. Watt, for opening tiie valves of his engines 
with a small exertion of force, and the machinery with which Fulton ac- 
complished navigation by steam was constrncted at Soho, and realised the 
desired result by the excellence of its performance. In some of these 
developemeuts, it is true, Watt was not the only person concerned, and 
Mr. Boulton and Mr. Murdoch must be mentioned with great honour, as 
much was due to their ingenuity ; yet these lesser lights were but the satel- 
lites of a system of which he was the central sun, and gave out merely the 
lustre they had derived from the effulgence of hit genius. It cannot now 
be ascertained with any precision how far the various admirable contrivances 
of Murdoch are due to specific conmiunications with Mr. Watt, or what pro- 
portion of their excellence they owe to his supervision or suggestion, but it 
yn» the light and heat of the master-mind that gave fertility to the disciple's 
imagination, and that fell upon his spirit like fire from heaven. In the 
domsdn of unapplied science. Watt is known for his discovery of the com- 
position of water, — in which he was independent of Cavendish, — for the de- 
termination of the bulk of a given weight of steam at different temperatures, 
and for numerous aids that he lent to pneumaticai inquiry ; while his direct 
achievements in the various departments of the arts, stupendous as they are, 
are less in amount than those which he has indirectly accomplished. The new 
methods of construction he introduced, and the new resources of art he 
opened np. have extended, fh>m the manufacture of steam-engines, over 
the whole face of mechanical industry, and in an inconceivably short time 
have regenerated arts that had been stationary for ages. I'he improved 
mill-gearing, for example, of modern times, the superior cranes, fire-engines, 
and other n\echanisms, the construction of iron ships, and the apphcation of 
iron to a thousand purposes for which it was before unthought of, fh>m 
having cheapened the production of the material and facilitated the resources 
of its workmanship, — these, and a thousand other mighty changes, have 
flowed from Watt's innovations, for tiiey first reconciled great strength with 
great accuracy of workmanship, and set in striking opposition the barbaroua 
expedients of most of the other arts with the refinements he had invented. 

Of Watt's personal character we are nnable. iVom our own knowledge, to 
say anything, as he had passed from this sublunary scene before our day ; 
but he appears to have won the reverential affection of every one who 
approached him, and every engineer even now looks upon him as a father. 
A more remarkable proof, however, of his goodness, is to be found in the- 
undying affection of his son, to whom, throughout life, he has been the 
object of fervent adoration. Never before was there such an example of 
filial love. Tlie worship of his father's memory, and the vindication of his 
father's fame, has been the sole aim and pnrpose of the son's being — an ab- 
sorbing passion, which none but a generous nature could feel, and nothing but 
perfection inspire. — Upon this subject, however, we happen also to have the 
testimony of Lord Jeffrey, which we cannot do better than here transcribe : — 

** It is needless to say, that, with those va-^t resources, his conversation 
was at all times rich and instructive in no ordinary degree : but it was, if 
possible, still more pleasing than wise, and had all the charms of familiarity, 
with all the substantial treasures of knowledge. No man could be more 
social in his spirit, less assuming or fastidious in his manners, or more kind 
and indulgent towards all who approached him. He rather liked to talk — 
at least in his latter years : but thongh he took a considerable share of the 
conversation, he rarely suggested the topics on which it was to turn, but 
readily and quietly took up whatever was presented by those around him; 
and astonished the idle and barren propounders of an ordinary theme, by 
the treasures which he drew from the mine they had unconsciously opened. 
He generally seemed, indeed, to have no choice or predilection for one 
subject of discourse rather than another; but allowed his mind like a great 
cyclopasdia to be opened at any letter his associates might chose to turn 
up, and only endeavoured to select, from his inexhaustible stores, what 
might be best adapted to the taste of his present hearers. As to their 
capacity he gave himself no trouble ; and, indeed, snch was his singular 
talent for making all things plain, clear, and intelligible, that scarcely any 
one could be aware of such a deficiency in his presence. His talk, too, 
thongh overflowing with information, had no resemblance to lecturing or 
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solemn diaconrting, but on the contrary, vu hSi of eoUoqoial •pint uA 
pleasantry. He had a certain quiet and grave homoor, which ran thramk 
most of his conversation, and a vein of temperate jocularity, which pm 
infinite zest and effect to the condensed and inexhaoatible iiifonutia 
which formed iu main staple and characteristic. There wm a little airtf 
affected testiness, too, and a tone of pretended rebuke and SMitndieliti, 
with whfbh he used to address his younger ftienda, that was aiwaya felt ky 
them as an endearing mark of his kindness and fiuniiiarity, — aad priatd 
accordingly, fkr beyond all the solemn compliment! that ever p ro c ee d e d 
from the lips of authority. His voice was deep aad powafal, — thongh he 
commonly spoke in a low and somewhat monoto&ou tooe, whicji haroMmiad 
admirably with the weight and brevity of his obeerrationa ; and aet cff to 
the greatest advantage the pleasant anecdotes, which he deUvercd with the 
same grave brow, and the same calm smile playing aoberly on his liH. 
There was nothing of effort indeed, or impatience, any more tbm of pnd* 
or levity, in his demeanour ; and there was a finer expre«ioa of Teposiag 
strength and mild self-possession in his manner, than we ever reeoUcct to 
have met with in any other person. He had in his ebaraeter tiie ntnott 
abhorrence for all soru of forwardness, parade, and paetennon ; and, indeed, 
never failed to put all snch impostures out of ooantcaanoe, by the manly 
phiinness and honest intrepidity of his language and deportzoent. 

** In his temper and dispositions he was not only kind and affeetioaate, bat 
generous and considerate of the feelings of all around him ; and gave the 
most liberal assistance and encouragement to all yonng persons who showed 
any indications of talent, or applied to him for patronage or advice. His 
health, which was delicate from his youth upwards, seemed to beeoow 
firmer as he advanced in years, and he preserved up almoat to the last 
moment of his existence, not only the full command of his extraordiasry 
intellect, but all the alacrity of spirit, and the social gaiety which had 
illumined his happiest days. His friends in this part of the coantry never 

saw him more full of intellectual vigour and colloquial ■nim««MM,_ aever 

more delightful or more instructive, — than in his last ririt to Scotland ia 
autumn 1H17. Indeed, it was after that time that he ap]ilied luniadt whh 
all the ardour of early life, to the invention of a machine for mcchaaieally 
copying all sorts of sculpture and statuary; — and distributed among his 
friends some of his earliest performances, as the productions of ' a yooag 
artist, just entering on his eighty-third year ! ' " 

But we must here close these preliminary remariu, which hare drawn 
out to a greater length than we expected, and whicl^ we fear, have provoked 
the impatience of the more empirical portion of our readers. We shall 
have little occasion, however, to repent of our discursiveness, if we snceecd 
in any degree in animating the artisans of this great empire to a course of 
useful acquisition by the influence of Watt's example, or in touching their 
spirits with a ray from the urn of his genius. The same path by which be 
won immortality is open also to them, and although few majy be endowed 
with the high gifls by which he was distinguished, yet there u no one wks^ 
by energjr- and perseverance, and by only ^ ving nature fair play, may not rise 
to a higher eminence than he had dared to hope for even u his own tecrrt 
contemplations. One condition, however, of hiis success is, that he most aol 
suffer his mind to become technical, and if an engineer, he must be contest to 
believe that there are other thbgs in the world worthy of his attention boidn 
cast-iron and steam pressure. He must not coop np his imagination witbia 
the narrow limits of a craft, but suffer it to roam over creatioa in its esdkis 
fields of beauty ; and must cherish a love for nature and tar kftmm natuv— 
and hold communion with the spirits of glorions aspect and attractive pttt 
that people the world of fancy, and survey the enchantments wrongfai 1^^ ge- 
nius in every field of enterprise, yielding his affection not only to msehirii 
virtues which dignify humanity, but to those " humbler charities thst (oous 
and bless" like flowers scattered upon the desert. It is only by thus gi™f 
full scope to his imagination, and cultivating oK his capadttea, that hisaiM 
can preserve its just proportions, or grow to any loftiness of statue. Asd 
without imagination there can be no invention, for the imaginatioa is the 
great discovering power, and can only flourish where there is abondsntncsi 
given for its exercise. To some of onr readers we beUere it will appesr 
that all excursions of the fancy must be unavailing, and that seicDee or 
experience should be their guiding star ; but we would warn them igsin* 
this eiTor, iwd would give them the example of Watt in eoafimstioB d 
our hypothesis, who certainly owed his superiority to something noriyslus 
to poetic inspiration. Facts, of course, there must be derived both fi* i 
science and from experience, for these are the materials with which ifci ' 
imagination works ; but facts of themselves are a mere eapui mortwm, tM i 
encumber as much as they enrich their possessor, and it is only wbeo totche' 
by the fire of the imagination, that they spring into life and frvitfalao^ < 
Upon some minds, however, that have not read their lesson aright tbeet' 
ample of Watt's greatness has operated rather as a djaconngemeat thai * , 
provocative to exertion, for they have been smitten with awe by the nugci? 
of his genius; and their enterprize has been repressed by the coatoaphtioa 
of such hopeless perfection. Their spirits have been OTershadowed bj Ui | 
greatness, like the puny saplings that pine beneadi the shade of some oa- 
jestic tree ; and their energies have never been inrigorated by difficult;, nor 
by the storms and sunshine of the intellectual world. We th«refore find nO 
little of novelty to have originated among well-educated engineat,W 
almost all great innovations have been the work of some less reieroitiil 
spirit ; and whoever aspires to the work of invention mnat go Anuejfto the 
fountain of human thought and feeling, and suffer the shadow of uo oubI 
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I Id come between him and natore. And if the field in which Watt la- 
|boDTed be exhauited, if his ingenuity has made farther improvement upon 
present steam-engine in any material point hopeless so long as fire re- 
the impelling power, there are innumerable other fields of enter- 
[prixe, yet im trodden to reward the industry of ftalure generations. The 
oarces of electricity and magnetism, of thermo-electricity and of hidden 
rem of nature perliaps, yet to be revealed, present a boundless pros- 
for the exercise of human ingenuity. These we commend to the 
jon of oar readers and more particularly to the order of working 
f, for as it is by the ingenuity of the artizan class that the steam-engine 
I been brought to its present maturity it is to that class the public looiu 
ritb expectation for ita aaperceaaiou by something l>ettcr. 



MECnXHIC^L SEFUanONS. 



Before entering upon the explanation of those elementary principles of 
mechanics and chcmtstry, which it is neces«iry to comp'rebeud before 
much progress can be made in the stndy of the steam-eogioe, we shall set down 
a few nsefhl tables which we should require to give somewhere, and which 
will be more convenient for reference if collected here, than if scattered 
throughout the volume. The first that we give relates to tlie elasticity 
of ttetm at different temperatures — a compilation for which we are in- 
debted to the intereatiog work by Mr. J. Scott Russell, on steam and steam 
navigatioo. 
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... 


-.84 


... 


+ .16 


130 


140 


6.05 


6.78 


S.88 


.... 


6.21 


5.75 


5.1S 


5.U 


... 


-.27 


... 


..« 


140 


150 


7.73 


7.53 


7.55 


7.42 


7.94 


7.46 


6.79 


... 


... 


-.20 


... 


+ .21 


150 


160 


9.79 


9.60 


9.63 


... 


10.05 


9.52 


8.65 


8.92 


... 


-.19 


... 


+ .26 


160 


170 


12.31 


l2.oa 


12.14 


12.05 


12.60 


12.14 


11.05 


11.37 


• •• 


-.26 


... 


+ .29 


170 


180 


15.38 


15.16 


15.23 


... 


15.67 


15.20 


14.05 


12.73 


... 


-.28 


... 


+ .29 


180 


190 


18.98 


19.00 


18.96 


18.93 


19.00 


..• 


17.85 


19.00 


... 


+ .12 


... 


+ .02 


190 


200 


2.1.51 


23.60 


2.1.44 


... 


23.71 


*.. 


22.62 


... 


... 


+ .09 


... 


+ .20 


200 


210 


28.82 


28.88 


28.81 


28.81 


28.86 


... 


28.65 


... 




+ .07 


... 


+ .04 


210 


212 


30.00 


30.00 


30.00 


30.00 


30.00 


30.00 


30.00 


29.40 


... 


0.00 


• •• 


+ .00 


213 


220 


35.18 


3.'i.54 


35.19 


... 


34.92 


■ ft* 


35.8 


33.65 


.1.. 


-0.36 


... 


-.26 


220 


230 


44.00 


43.10 


42.47 


42.63 


42.00 


... 


44.5 


40.+ 


• >• 


-1.50 


... 


-2.13 


330 


! 240 

1 


53.45 


51.70 


51.66 


... 


50.24 


... 


54.9 


49,0 


... 


-1.75 


... 


-3.31 


240 



Tabijs or Titc TeKPCftATnRE or Steak at Dirreiirarr PBsaatms ^ Atmosfhehes, 



I. 


II. 


III. 


IV. 


V. 


VI. 


vu. 


VIII. 


IX. 


X. 


XI. 


XII. 


xm. 


XIV. 


iFrtMorvin 


Fr«ndi 
Ae«t. 
















Fraiilillo 
tudlule. 


DIff Dr. 


Die 


IMC 


PreHure la 


Almo- 


Dr. tJre. 


Young. 


Irorj. 


Tredgotd. 


Soutliem. 


BolilMn. 


Wan. 


Vte't E%. 


Aud. 


Tr*d.MHi 


AtlRO- 


•^hen*. 
















perloieoU. 


ttut. 


l^slton. 


•pherai. 
1st At 


Itt At 


312.0° 


212» 


312° 


212° 


212° 


.. . 


213° 


313° 


213° 


0.00 


O00.S 


o.ooo 


2d At 


350.5 


250.0 


240.3 


249 


250. + 


950.3 + 


... 


352.5 


250.0 


... 


-0.5 


0,+ 


2d At 


Sd At 


275.2 


275.0 


271 


... 


274.+ 


... 


267 




375.2 


... 


-0.2 


-1.+ 


3d At 


4th At 


293.7 


291.5 


S88 


290 


294.+ 


293.4 + 


... 




391.5 


«.. 


-2.2 


+ 1.4 


4th At 


5th At. 


308.8 


304.5 


303 


... 


309. + 


... 


..i 




304.5 


... 


-4.3 


+ 3.7 


5th At 


* 6th At 


320.4 


315.5 


... 


... 


322.- 


... 


... 




315.5 


... 


-4.9 


+ 4.0 


6th At 


7th At 


831.7 


325.5 


... 


... 


... 


... 


••. 




326.5 


... 


-5.7 


• •• 


7th At 


8(h At 


343.0 


336.0 


... 


837 


342.+ 


343.6 + 


... 




336.0 


... 


-6.0 


+ 3.3 


8th At 


«th At 


350.0 


345 


^. 


... 


... 


... 


... 




345.0 


... 


-5.0 




9th At 


10th At 


358.9 




... 


... 


... 


... 


... 




352.5 


... 


-6.4 


• «• 


10th At 


nth At 


366.8 




... 


... 


... 


... 


... 




... 


... 


• •> 




11th At 


12th At 


374.0 




a.. 


... 


372.- 


... 


... 




... 


... 


«•. 


+ 8.0 


12tb At 


13th At 


380.6 




... 


... 


... 


... 


... 




... 


... 


«•• 


-•• 


13UiAt 


14th At 


386.9 




... 


... 


... 


... 


... 




... 


... 


«•• 


««• 


14th At 


ISth At 


393.8 




... 


... 


... 


... 


... 




3fi3.8 


... 


-9.0 


,,, 


15th At 


16th At 


398.5 




... 


... 


... 


... 


... 




... 


... 


«.. 


I... 


IGth At 


17th At 


403.8 




• •• 


... 


... 


... 


... 




... 


... 


■ «> 


• t ■ 


17th At 


18th At 


406.9 




... 


... 


... 


... 


... 




... 


... 


?■» 


*»* 


18th At 


19th At 


413.9 




... 


... 


... 


... 


,,, 




... 


... 


«•.» 


>■ ■ 


19lh At 


SOth At 


418.S 




... 


... 


414 


... 


... 




406 


... 


-13.5 


+ 2.3 


20th At 


aoth At 


457J 




... 


... 


... 


... 


... 




... 


... 


«■+ 


«,. 


90th At 


40th At 


466.6 




,,, 


.., 


... 


... 


... 




... 


... 


«•* 


.■> 


40th At 


SOth At 


5ia6 




... 


... 


... 


... 


... 




... 


... 


... 


... 


SOtliAt 



94 



Mechanical Definitions : — U$e/ul Tables. 



Tb« following Tabxb will sare a vast deal of trouble in computing the 
area of pigtona, safety-Talves, &c ; and we believe requires Tcry little 
apology for its introduction. 

TABLE OF THE AREAS, ETC. OF CIRCLES. 









Side of 








StdroT 


DU. 


Ctrcum, 


Are*. 


M)ll»l 

Square. 


DU. 


CImim. 


Are*. 


fqiiil 
Square. 


1 in. 


314J6 


.7854 


•88C2 


16 in. 


50 265 


201 -062 


14-179 


« 


3-9270 


1-2271 


1-0775 


u 


51-051 


207 -394 


14-400 


% 


47124 


1-7671 


1 .3293 


s 


51-836 


213-825 


14-622 


^ 


5-4978 


a -4052 


1 -5.V)i* 


% 


52-621 


220-3.')3 


14 '843 


1 S in. 


6-2832 


3-1416 


1-7724 


17 in. 


53-407 


226 980 


15-065 


! W 


T-osse 


3-9760 


1 -9939 


u 


54-192 


233-705 


15-286 


H 


7-8540 


4-9087 


2-2I5S 


?4 


54 '978 


240-528 


15-508 


B-6394 


• 5-9395 


2-4370 


% 


55-763 


247 430 


15-730 


3 in. 


9 -4248 


7-0686 


2-6586 


18 in. 


56.548 


254-469 


15-951 


H 


10-210 


8-2957 


2-8801 


w 


67-334 


261-587 


16-173 


H 


10^95 


9-6211 


3 1017 


% 


68-119 


268-803 


16-394 


11-781 


11-044 


3-3232 


% 


58-905 


276 117 


16-616- 


iin. 


12-566 


12 -566 


3-5448 


19 in. 


59-690 


283-529 16-837 


U 


13-351 


14-186 


3-7663 


'4 


60-475 


291-039 17-060 


g 


14 137 


15-904 


3-9880 


% 


61-261 


298-648 17-280 


14-922 


17-720 


4-2095 


% 


62-046 


306-355 17-502 


5 in. 


15-708 


19-635 


4-4310 


2 (1 in. 


62-8.32 


314-160 17-724 


W 


16-493 


21-647 


4-6525 


U 


63-617 


322-063 17-945 


V| 


17-278 


23-758 


4-8741 


% 


64-402 


330-064 18-167 


^ 


18-064 


25-967 


5 09!»6 


% 


65-188 


338-163 18-388 


6 in. 


18-849 


28-274 


5-3172 


21 in. 


65 -793 


346-.361 18-610 


jj 


19-635 


30-679 


5-5388 


'4 


66-759 


354-657 18-831 


80-420 


33-183 


5 7603 


M 


67-544 


363-051 19-053 


^ 


21-205 


35-784 


5-9819 


% 


68-329 


371-543 19-274 


7 in. 


21-991 


38-484 


6-20.14 


22 in. 


69-115 


380-133 


19-496 


li 


22-776 


41-282 


6-43.'50 


U 


69-900 


388-822 


19-718 


M 


23-562 


44-178 


6-6465 


% 


70-686 


397-608 


19-939 


% 


24-347 


47173 


6-86SI 


«i 


71-471 


406-493 


20-161 


8 in. 


25-132 


50-265 


7-0897 


23 in. 


72-256 


415-476 20-382 | 


u 


25-918 


53-456 


7-31 l-J 


^4 


73-tH2 


424-5.57 


20-604 


n 


26 703 


56-745 


7-5328 


!^ 


73 827 


433-731 


20-825 


27-489 


60132 


7-7544 


^ 


74 613 


443-014 


21 047 


9 in. 


28-274 


63-617 


7-9760 


24 in. 


75 398 


452-390 


21-268 


•4 


29-0\9 


67 200 


8-1974 


H 


76 193 


461 ■»64 


21-490 


H 


29 -MIS 


70-882 


8-4190 


*>i 


76 969 


471-436 


21-712 


80-630 


74-662 


8-6406 


% 


77-754 


481106 


21-933 


10 in. 


31-416 


78-540 


8:8620 


25 in. 


78-540 


490H75 


22-155 


U 


32-201 


82-516 


9-0836 


'4 


79 325 


.500 741 


23 376 


^ 


32-986 


86-590 


9-3051 


\i 


80110 


510-706 22-598 


^ 


33-772 


90 762 


9 •5287 


X 


80-896 


530 769 22-819 


II is. 


34 557 


951M3 


9 74N2 


26 in. 


81 681 


.WO 9.30 


23-<Hl 


!i 


.■J&343 


99-402 


9-9698 


U 


82-467 


.741 189 


23-002 


^ 


36 128 


103-869 


10 191 


H 


83-252 


531-547 


23 484 


36-913 


108 434 


10413 


»4 


84-037 


562-lK>2 


23-708 


li in. 


37 699 


113-097 


10-634 


27 in. 


84 823 


572-5.')6 


23-927 


U 


S$*H 


117-859 


10 856 


•4 


85 608 


583-2(18 


24-149 


^ 


39 270 


122-718 


11077 


% 


86 394 


593 -9 58 


24-r»70 


H 


40 015 


127-C76 


1 1 -299 


% 


87-179 


604 -807 


24-592 


lain. 


40 840 


132 732 


1 1 -520 


28 in. 


87 964 


615-753 


34 813 


u 


41-626 


137-886 


11-742 


'4 


88-750 


626-798 


25-035 


ij 


42-411 


143-l.W 


11-963 


% 


89-535 


637-941 


25 '2.56 


43 197 


148-489 


12-185 


% 


90-321 


649-182 


35 478 


14 in. 


43482 


153 -938 


12 406 


29 in. 


DII06 


660-531 


25-699 


u 


♦4767 


159-485 


12 6-.J8 


'4 


91-891 


671-958 


25-921 


H 


45 553 


165-130 


12 8.^0 


M 


92-677 


683-494 


26 143 


)i 


46-338 


170 873 


13 071 


% 


93-462 


695-128 


26-364 


Uia. 


47-124 176-715 


13 293 


.30 io. 


94 248 


706-860 


26-586 


^ 


47-909 182 654 


13 514 


u 


95 -WIS 


718-690 


96-807 


^ 


48-094 188-692 


I3-736 


li 


95-818 


730-618 


27-0-29 


49-480 194 828 


13 957 


96 •604 


742-644 


27-250 






• 













TABLE OF THE AREAS, ETC. OF CIBCLES.— «Mi«'a 



Dla. 



S3 in. 



33 in, 

I.' 



97-389 
98-175 
98-968 
99-745 



100-531 
101-316 
102-102 
102-887 



IOS-67a 
104-458 
105-243 
106-029 



36 in. 



37 in. 



42 in. 



45 iti. 
% 



106 814 
107-599 
108-385 
109-170 



109-956 
110-741 

111-526 
112-312 



754-769 
766-992 
779-313 
791-732 



804-249 
816-865 
829-578 
842-390 



8.'i5-30 
868 30 
881-41 
894-61 



907-92 
921 32 
934 83 
948-41 



Side of 

SqliATC. 



27-472 
27-695 
27-910 
28-136 



28-358 
28-580 
28-801 
29-023 



29-244 
39-466 
29-687 
29-909 



30-131 
30-352 
30-.574 
30-795 



962-11 
9r5'90 

989-80 
I0O3-7 



113-097 
113-883 

114-668 
115-453 



1017-87 
1032-06 
1046-39 
1060-73 



31-017 
31-238 
31-460 
31'68l 



3 1 -903 
32-124 
32-346 
32-567 



116-239 
117024 
117-810 
118 595 



119-380 
130-166 
120-951 
121-737 



122-522 
123.107 
124-093 
134-878 



1075-21 
1089-79 
1104-46 
1119-24 



1134-11 
1149-08 
116415 
1179-32 



1194-59 
1209-95 
1225-42 
1240-98 



125-664 
127 2.34 



12.56-64 
1288-25 



128-805 
130-376 



1320-25 
1352 65 



131 947 
133-518 



1.35-088 
136 659 



1385-44 
1418-62 



1452-20 

1486-17 



138-2.30 
139-801 



141-372 
142-942 



144-513 
146-084 



147-655 
149 326 



150-796 
152-367 



1520.13 
1555-28 



1590-43 
163597 



33 789 
33'tni 
33 232 
33-454 



33 675 
.TJ-fl97 

34 lis 
34 -340 



34-561 
.34-783 
35 tK)5 
35-226 



35-448 
35 891 



36 334 
36-777 



37-220 
37-663 



38 106 
38-549 



.39-993 
39-436 



1661-90 
1698-23 



1734-94 
n72K)5 



39 '879 
40-32-i 



40-765 
41-208 



41-651 
43-094 



1809-56 
1847-45 



42-537 
42-980 



153-938 
155-509 



l.'i7-080 
158-650 



1885-74 
1934-43 



43-423 
43-867 



196S-50 
3300 '96 



44-310 
44-753 



DIa. 



Cireoin. 



52 in. 



64 in. 



160S91 
161-792 



163-363 
164-934 



166-504 

168-075 



169-646 
171-217 



172 788 
174-358 



175-929 
177-500 



179-071 
180-642 



182-212 
163783 



185-3.54 
185 925 



188-496 
189-066 



191-637 
193-208 



194*779 
196-350 



197-920 
199-491 



201-062 
202-633 



66 in. 



73 in. 



204 204 
205-774 



2()7-.345 
208-916 



210-487 
212-058 



213-628 
315-199 



216-770 
21S'-341 



219-912 
221-482 



223-053 
224-624 



226 193 

227 766 



229 -336 
230-907 



AttA. 



S042-83 
SOftS-O? 



2123-72 
2164-75 



SMfd 



45-IH 
45-i3> 



44-C92 ' 
44 S«S I 



2206-18 
224S-0I 



2290-Sa 
S33S-S3 



4«94* 

47-411 



47-M4 

48-»« 



2375-83 
2419-3$ 



2463 -Ol 
2507 -19 



2551-76 
2596-73 



2642-06 

2687 -MS 



2733-97 
2780-51 



2827-4A 
2874-76 



292-i-47 
2970 67 



.3»ll9-07 
3067.96 



3117-25 
3166-92 



3216-99 
3267 46 



3318 .*»! 
3360-56 



3421-20 
3473 -ilS 



3525-6C 
3578-47 



3631-68 
3685-29 



48-741 

49-184 



49-U7 
500:0 



52-««J 

5»-:i 



54-^44 
55-5«; 



iS'Tl* 

5:-iij 



57<ttJ ' 
!«iM4 , 



58^♦M 

58 -sa 



3739 28 
3793-67 



3848-46 
3903-63 



61-147 

ci-e9i' 



69-OM 
62'<i77 



S959 20 62^*0 
401516 63-MI 



4071 51 
4128^5 



4183-39 
4243-93 



'4 IO. 



2.32-478 
234-049 



335-620 
237-190 



238761 
240 332 



430O-B3 
4359-16 



4417-87 
4476 97 



6»«« 
64-249 



64 -OS 
65'iM 



6«4 



4536-47 
4596 SS 



Mechanical Dcjinitions : —Uteful Tables. 



Table of the areas, etc. of circles -eo«rtni«i 



Dk. arcun. Ana. 


Slit<> of 
equal 


DIa. Clrrum. Arw. 


SMcnr 

ai|iul 

Square. 


77 in. 2-J1-903 46Sfi-6.3 C8-237 
^4 i 243-474 4717-3U 68*680 


89 in. 279-602 
% 1281-173 


6221-139 
6291-236 


78-874 
79.317 


7Sia. 24.-. IU4 
1^ 24(i615 


4778-37 1 69-123 

4S3U-83 ' 69 566 

1 


90 in. 


282-743 '6361-725 
284-314 6432-607 


79-760 
80-204 


Ttfin. 248186 4901 •fiS 
H [249 7.17 4963-92 


70O09 
70-45.'J 


»lin. 


285-885 6503-882 
287-456 6575-550 


80-647 
81-090 


eoin. ,251-328 
M 232-698 


.■40-^6-56 
5089-58 


-0-896 
7 1 -339 


92 in. 


289-<»27 
290-597 


f.047-61l) 
6720 063 


81-533 
81-976 


81 in. 3M 469 
H ^ 236-040 


3133-00 
3216-82 


71-782 
72225 


•93 in. 1292-168 
% 1 293739 


6792909 
6866-147 


82 419 

82-862 


eSin. 1257 611 
M ! 259-182 


3281-02 
5345-69 


72-668 
73-111 


94 in. 


296-310 
8»6'881 


6939-7781 83 305 
7U13-802 83-748 , 


83 in. 1 260-752 
H '262-323 


.^4U»■62 
3476-00 


73-5.'i4 
73-997 


9,'. in. 
Si 


298*4f,l 7088-218 
30O'O22 7163-028 


84-192 
84-635 


64 in. ; 2C3-894 
% 1 265 463 


5541-78 
6607 0* 


74-440 
74-684 1 


96 in. 


301-593 7238-229 
303-164 7313-834 


85-078 
85 521 


6410. '267-0.36 
% 1 sea -606 


5674-51 
3741-47 


75-327 
75-770 


97 in. 


304-734 7389-811 
306-305 7466-19 J 


85-964 
86-407 


86 in. 


270177 [SSOg-ei 
271-748 'fl876'55 


76213 1 
76 656 


98 in. 


307-876 7542-964 
3U9-447 1 7620- 129 


86 8.50 
87-293 


87 in. 273*319 *5944'69 77-099 
H 274'89i» 6013-21 77-542 


99 in. 


311-018 

312-588 


769"-fi87 
7775-638 


87-7.36 
88180 


SSin. |276-46U .6082-13 
% |278 031 !6I51'44 


77-985 1 
78-428 


100 in. 


f3l4-J59 7834-982 


86-623 



TABLK or THC BXPAMSION OF AiB BT BXAT. 



Fahrrn. 

32 1000 

33 1002 

.34 1004 

85 UJ07 

S6 1009 

87 1013 

98 1015 

39 1013 

40 1021 

41 11)23 

43 1025 

43 1027 

44 1030 

43 1032 

46 1034 

47 1036 

48 1038 

49 1040 

50 1043 

31 1045 

.12 .„... 1047 

33 1050 

34 1052 

65 ...... 10.j5 

56 1057 

57 1059 

68 1062 

59 1064 

60 1066 



Falirttn. 

61 1069 

62 1071 

63 1073 

64 1075 

65 1077 

66 1030 

67 1080 

68 1034 

69 1087 

70 1089 

71 1091 

73 1093 

73 1095 

74 ...... 1097 

75 1099 

76 1101 

77 1104 

78 1106 

79 1108 

80 1110 

81 1113 

82 1114 

83 1116 

84 1118 

85 1121 

86 1123 

87 1126 

88 1128 

89 1130 



Fahnrn. 

90 1133 

91 1134 

92 1136 

93 1138 

94 1140 

95 1143 

96 1144 

97 1146 

98 1148 

99 1130 

100 1152 

110 1 173 

120 1194 

130 1215 

140 1233 

150 1255 

160 1275 

170 1295 

180 1313 

190 1334 

200 1364 

210 1372 

212 ....:. 1376 

302 1558 

392 1739 

483 1919 

372 3098 

680 2312 



Tb« use of hyperbolto lonrithou is indispensable to the eompnution of 
the «!»<-< power of an engine working «x[wns!vclj : and u tsbltn of »uch 
logarithm* sr« rurclv in the po«*e4sion of pnctical men, we here give such 
%u aMortownt u will lufflce for the uses of the engineer. 



TABU or BTPEKBOUC LOOABITHHS. 



Kutk. 


ur^{.<«. 


l"-" 


H)».J^. 


.N«U 


UjvU* 


N«»»U 


Mn-. Km 


Nantak 


M»l-«. 


1-05 


.049 


.3-05 


1-115 


5-05 


1-619 


7-05 


1-953 


9'05 


2-S03 


1-1 


-095 


,3-1 


1-131 


6-1 


1-629 


7.1 


1-960 


9.1 


S-208 


1-15 


■140 


|3-15 


1-147 


5-15 


1-639 


7.15 


1-967 


9-13 


2-214 


1-2 


•183 


13-3 


1-163 


5-2 


1-649 


7.2 


1-974 


9.2 


2-SI9 


1-25 


-223 


3-33 


1179 


5-25 


1-658 


7-25 


1-981 


9-25 


2-225 


1-3 


•362 


3-3 


1-194 


|5-3 


1.668 


7.3 


1-988 


9-3 


2-230 


1-35 


-300 


3-35 


1-209 


5-36 


1-677 


7-35 


1-993 


9-35 


2-235 


1-4 


-336 


3-4 


1-334 


5-4 


t-686 


7-4 


3-001 


9-4 


2-241 


1-45 


-372 


3-45 


1-238 


5-45 


1-696 


7-45 


8-008 


9-46 


3-246 


1*5 


•405 


3-5 


1-353 


,3-5 


1-705 


7'6 


2-015 


9-6 


2-251 


1-65 


•438 


3-35 


1-267 


5-53 


1-714 


7'65 


2-022 


9-55 


2-257 


t.6 


-470 


3-6 


1-381 


5-6 


1-723 


7 '6 


2-028 


9-6 


2-262 


1-65 


•300 


3-65 


1-393 


3-65 


1.733 


7-65 


2-033 


9-65 


3-267 


1-7 


■531 


8-7 


1-308 


3-7 


1-740 


7-7 


2.041 


9-7 


2-373 


1-75 


-360 


3-73 


1-332 


6-75 


1-749 


7-73 


2-048 


9-75 


2-277 


1-8 


■388 


3-8 


1-335 


5-8 


1-758 


7-8 


2-054 


9-9 


2-282 


VS^ 


-615 


3-83 


1-348 


5-85 


1-766 


7-85 


3-061 


9-63 


2-287 


1-9 


-643 


3-9 


1-361 


5-9 


1-775 


7-9 


2-067 


9-9 


2-393 


1-95 


-068 


3-95 


1-374 


5-95 


1-783 


7-95 


2-073 


9-95 


3-298 


2-0 


-693 


4-0 


1-386 


6-0 


1-792 


8-0 


2-079 


10- 


2-303 


2-05 


•718 


4-05 


1.399 


6-03 


I-8OO 


8-03 


2-086 


15 


2-708 


21 


-742 


41 


1-411 


6-1 


1-808 


8-1 


2-092 


30 


2-996 


213 


.765 


4-13 


1-433 


615 


1-816 


8-15 


3-098 


33 


3.219 


2-2 


■788 


4-2 


1-435 


6-2 


1-824 


8-2 


2-104 


30 


3-401 


a-25 


•811 


4-25 


1-447 


;6'26 


1-833 I8-25 


a-iio 


36 


3-653 


2-3 


•8.33 


[4-3 


1-459 


'6-3 


1-841 


8-3 


3-116 


40 


3-689 


2-35 


•854 


14-33 


1-470 


,6-35 


1-648 


8-35 


2-122 


46 


3-807 


2-4 


•875 


4-4 


1-482 


l6-4 


1-856 


8-4 


2-128 


60 


3.912 


2-45 


.896 


4-45 


1-493 


6-45 


1-864 


8-45 


2-134 


55 


4.007 


2.3 


•916 


4-5 


1-504 


|6'5 


1-872 


8-5 


3-140 


60 


4-094 


3-SS 


•936 


4-55 


1-515 


6-55 


1-879 


8-55 


2-146 


65 


4-i;4 


2-6 


•966 


4-6 


l'!i26 


h-6 


1-887 


8-6 


2-152 


70 


4-248 


2-65 


•973 


|4-65 


1-537 


6-65 


1-893 


8-65 


2-158 


75 


4-317 


2-7 


■993 


14-7 


1-548 


6-7 


1.902 


8-7 


2-163 


80 


4-382 


2-75 


1-013 


'4-75 


1-558 


6-75 


1-910 


8-75 


2-169 


83 


4-443 


2-8 


1-030 


14-8 


1-569 


6-8 


1-917 


8-8 


2-176 


90 


4-500 


2-85 


1-047 


4-86 


1-579 


j6-86 


1-934 


8-85 


2-180 


95 


4-554 


29 


1-063 


4-U 


1-669 


16-9 


1-931 


6-9 


2-186 


loo 


4-605 


2-95 


1-082 


4-93 


1-599 


;-956 


1-939 


8-93 


8-193 


1000 


6-908 


3-0 


1-099 


3-0 


1-609 


J 7.0 


1-946 


9-0 


3-197 


10,000 


9-210 



VTBZHOTB or HATSBIALS. 

The chief materials, of which it !i Deecttarjr to record the strength in b 
treatise on the steam engine, are cast and malleable iron ; and many eipe- 
rimenu have been made at different tiniea upon each uf theae rabstances, 
though not with anj very cloae correipondeDce. ProfeHor Barlow baa 
made a Urge number of eaperimenu upon iron of all kindt, and the follow- 
log is a summary of them : — 



Malariall. 



Iron, east Jl^"": 

Malleable - 

Wire - 



16300 "I 
SGOOOJ 
60000 
60000 



6100 
9000 



69120000 
91440000 



55S00O0 
6770000 



The flr«t column of figures, marked C, contains the mean strength of 
cohesion on an inch section of the material ; the second, marked S. the 
constant for transverse strains ; the third, marked E, the constant for 
deflections ; and the fourth, marked M, the modulus of elasticity. The 
introdnctian of the hot blast iron brought with it the impression that it 
was less strong than that previou^y in use, and the ex(>erimenis which had 
previously been confided in as giring remits near enough the truth, fur all 
practical purpoeea, were no longer considered to be applicable to the new 
state of things. New experiments were therefore deemed necessar}-. and 
public spirited pervons were not wanting to answer the call ; but of all 
these later trials the results obtained by Mr. Fairbaim and Mr. Eaton 
Hodgkinson of Manchester appear to be the most entitled to confidence, 
as great care and labonr were spent upon those experiments, and we know 
them to have been conducted by skilful persons. The following table 
has been fiirniabed to na by Mr. Fairboim. and gites, we have no duubl, 
results as nearly correct as can be required or attained : — 

F 



^K ^^^^^^^^ 


1 


Siiwi?//* of Materiah. 




■■ 


^^^H RESULTS OF EXTERIMENTS ON THE STRENGTH AND OTHER PROPERTIES OF CAST IRON 


, FROM THE PRINCI?jff 


^^^^1 IRON WORKS IN THE UNITED KINGDOM, BY W. FAIUnAIRN. 




^^F In the folloiring Table each bar is reduced to 


exactly one inch sojiare ; and the transverse strenwh, which may he taken as a criterion of the ntmi 


^^^^^_ cAcb Inm. i« obtained fVom a mean between the Experiments upon it, given in the Memairs ; — first on bars 4 ft 6 ia 


. between the aapporta ; aai aal 


^^^^H oo those of half the leng:th, or S (V. 9 in. between the supports. All the other results are deduced from the 4 ft 6 in. ban* la all oisea the ««bxi 




were laid on the middle of the bar. 














Vamcs or lliotta. 


i. 


Sfwiflc 
C»«lljr. 


Mflduitu of 
ctaatkiitf Id 

lb«. |>-T KJ. 

liicli.orttlir- 


1^1 


iik 


JD 
f 

a 

1»- 


11 


^1 


Colour. 


i 








k 3 




oeu.t 


hi 
II 


1:22 


1 


lis 


II 




■ 


I 


PonWe)-. No. 3. Cold Blast - 


4 


7.122 


17211000 1 567 1 


595 


581 


1,747 


992 


Whitish grey 


^1 




i 


Dfvoii, No. .1. Hot Blast • - 


2 


7.251 


22473630 


537 




637 


1.09 


589 


While - 


^^1 




3 


Oiabcrry, No. a. Hot Bla.st - 


5 


7.300 


22733400 


543 


517 


530 


1.005 


549 


White - 


^^1 




4 


Camm, No. 3. Hot Bluet • - 


2 


7.056 


17873100 


520 


534 


.'•27 


1.365 


710 


W'hitish grey 


^^1 




S 


Beanfort, No. 3. Hot Blast - 


S 


7.009 


16802(K>0 


503 


529 


S17 


1.599 


807 


Dullish grey - 


^^1 




6 


Butterley 


4 


7.038 


15379500 


489 


515 


502 


1.815 


889 


Dark grey 


^^^H 




7 


Bute, No. 1. Cold Blast 


4 


7.066 


1516,'JOOO 


495 


487 


491 


1.764 


S72 


Bluish grey - 


^^^^^ 




8 


Wind MiU End, No. 2. Cold Blast 


4 


7.071 


16490000 


483 


493 


489 


1.581 


763 


Dark grey 


^^^^1 




9 


Old Park. No. 2. Cold Blast - 


5 


7.049 


14607{>00 


441 


529 


4H5 


1.621 


718 


Grey - 


^^^H 




10 


Beaufort, No. 2. Hot Bhust - 


4 


7.1118 


1 6.301000 


478 


470 


474 


1.512 


729 


Dull grey - 


^^^H 




11 


Low Moor, No. 2. Cold Blast 


4 


7.055 


14.'jl)95O0 


4(52 


483 


472 


1.852 


855 


Dark grey - 


^^^B 




12 


Buffer)'. No. I. Cold Blast* - 


5 


7,079 


1.V181200 


4g:j 




463 


1.55 


721 


Grey - 


Bather S 




13 


Brinibo. No. 2. Cold Blast - 


5 


7.017 


U<)n(;<'>6 


4fi6 


453 


4.59 


1.748 


815 


Light grey - 


Bather IM 




14 


Apedale, No. 2. Hot Blast - 


3 


7.017 


U8.-.21IOO 


4.^7 


455 


456 


1.730 


791 


Light grey - 


ft-g* 




13 


Oidherry, No. 2. Cold Blast • 


4 


7.0.'i9 


1 4,1 07. WO 


453 


457 


455 


I.Htl 


822 


Dark grey 


Rather mA. 




10 


Peotwyn, No. 2. - 


4 


7.0.38 


l.'il930on 


438 


473 


455 


1.484 


650 


Bluish grey - 


Uarl 




17 


Marsteir. No. 2. - - - - 


5 


7.038 


13059500 


453 


455 


454 


1.957 


886 


Dark grey - 


Rmth«raail 




18 


Moirkirk. No. 1, Cold Bkst • 


4 


7.113 


14003550 


443 


464 


453 


1.734 


770 


Bright grey - 


F1^ 




19 


Adelphi, No. 2. Cold Blast - 


5 


7.080 


I3815.V(M) 


441 


4.57 


449 


1.759 


777 


Light grey - 


$«ft 




20 


Hlania, No. .1. Cold Blast - 


5 


7.159 


14261406 


4,1:1 


464 


448 


1.726 


747 


Bright grey - 


Bmt 




i\ 


I>rvt>n. Nci, X Cold Blast • - 


4 


7.285 


229077(M) 


448 




448 


.790 


3.53 


Light grey - 


BmL 




ti 


Gartshcrrie. No. 3. Hot Blast 


5 


7.017 


136tl40(i»i 427 


467 


447 


1.557 


998 


Light grey - 


ML 




ti 


FroiKl. No. 2. Cold Blast 


fi 


7.031 


13112666 


4G0 


434 


447 


1.825 


841 


Light grey - 


*tt 




u 


l^nc End. No. 2. - 


3 


7.028 


15787666 


444 





444 


1.414 


629 


Dark gr«y - 




95 


Cnrmn, No. 3. Cold Blast • - 


5 


7.094 


16246966 


444 


443 


443 


1.336 


593 


Grey . 


iiA 




S« 


I>»nd>van. No. .■». Cold Blast 


4 


7.087 


16.'>34000 


456 


430 


443 


1.469 


674 


DuU grey 


Rather asft. 




17 


Macstcg (Marked Red) 


5 


7.038 


1.197 1.50<1 


440 


444 


442 


1.887 


8.tO 


Bluish grey * 


FML 




2S 


Corbyns Hall, No. 2. • - - 


S 


7.007 


13845866 


430 


454 


443 


1.687 


727 


Grey - 


Ml 




S9 


Poni> piMil. No. 2. . - . 


5 


7.080 


13136500 


439 


441 


440 


1.857 


816 


Dull blue 


Bather aA 




30 


WsilhTtKik. No. 3. . . . 


5 


6.979 


I!i3947fi6 


432 


449 


440 


1.443 


625 


Light grey - 


BMhsthaii. 




31 


Slilion. No. 3. Hot Blast 


4 


7.051 


15852500 


427 


449 


438 


1.368 


585 


Grey • 


fbthtfhmL 




.1:2 


BulTerv. N... I. Hot Blast* - 


3 


6.998 


13730300 


436 


__ 


436 


1.64 


721 


Dull grey • 


IWL 




33 


l.evel,'No. 1. Hot Blast 


S 


7.080 


1S4S2SO0 


461 


403 


432 


1.516 


699 


Light grey - 


8A 




34 


Piiat. No 2. .... 


5 


6.975 


15280900 


408 


455 


431 


1.231 


511 


Light grey - 


Ba^crhirt. 




S.'i 


Ix-\el. No. 2. Hot Blast 


6 


7.031 


13241000 


419 


439 


4:!9 


1.359 


570 


Dull grey 


flA 




36 


W. S. S.. No. 2. - 


5 


7.041 


149.11.13,33 


413 


446 


4-9 


1.339 


554 


Light grey - 


81^ 




37 


F.aitle Fouudry. Na 2. Hot Blast - 


4 


7.038 


U2 11000 


408 


446 


427 


t.5l2 


616 


Bluish gr«j - 


ML 




sa 


Eluicar. No. 2. Cold Blast - 


4 


6.928 


12.'i86.^0O 


446 


408 


427 


2.224 


992 


Grey - 


SA 




39 


Varteg. No. 2. Hot Blast 


4 


7.007 


150I20<M) 


422 


430 


426 


1.450 


621 


Gn-T - 


B«A 




40 


Cohharo. No. 1. Hot Blast - 


5 


7. 128 


155 I 0066 


464 


385 


424 


1.532 


716 


Whitish grey 


Rather saft. 




41 


Carri>ll. No. 2. Cold BIa»t - 


4 


7.069 


17036000 


430 


408 


419 


1.2.11 


530 


Grey - 


Bui 




4-i 


MwirWirk. No. I. Hot Blast* 


4 


6.953 


13294400 


417 


419 


418 


l.f.70 


656 


Bluish grey - 


8A 




43 ; lJicrIe< . No. 2 - 


5 


7.185 


161501.33 


404 


4.12 


418 


1.222 


494 




SA 




44 


Coed-Talon. No. 2. Hot Blast • - 


4 


6.969 


14322.100 


409 


424 


416 


1.882 


771 


Bright grey - 


SA 




45 


Co«J-Talon. No. 2. Cold Blast • - 


3 


6.95S 


I43i>4000 


408 


418 


413 


1.470 


600 


Grvy - 


Rather^ 




4« 


.Monkland, No. 2. Hot Blast - 


3 


6.9 Ifi 


122.'iB5O0 


402 


404 


403 


1.762 


709 


Bluish grey - 


s 




47 


l^ys Works, No, 1. Hot Blast - 


3 


6.957 


11539333 


.'wa 




392 


1.890 


742 


Bluish grey - 


H 




4« 


Miluin. No. 1. Hot Blast 


4 


6.976 


11974.V10 


353 


386 


369 


J.525 


538 


Grey - 


Soft and f3P 




49 


Plaskyniuion, No. 2. Hot Blast * 


5 


6.916 


13341683 


378 


337 


857 


1.366 


517 


Light grey - 


RaihcraA. 




The irons with aslerrnks are taken firam tb 


e Expe 


rimenU on Hot and Cold Blast Iron, made by Mr. Fail 


bairn an< 


1 Mr. UodgkinaoQ far the BdM> 


^^H Ajaociatioo for the Advancvinrnt of Science. - 


-See.S 


eTi-nth Report, Volume VI. 




^H 


^^^^^ t Th* modulus of elaaticitj' was ntoally lak 


en fron 


1 the deScction cansfd by 112 lbs, on the 4 ft G io. bara. 
RULE. 




^ 


^^^^H To fliMl firasn the abore table the breaking 


weight 


in rectangular bars, generally. Calling b and </ the bn 


radth and 


depth in inchea, and / the Ji^| 


^^^^^ bac««fatb*attpporta,inrc«t, and putting 4.5 f 


or 4 ft. 


4.5 nbd^S . . . ..... 

6 in., we have . ••breaking weight in lbs,, — ^tbe 


value ofS 


being taken from the Table a^| 


^^y For example : What veight would t>e necei 


wary to 


break a bar of Low Moor Iron, 2 inches brood, 3 int 


'hes deep 
4.5x6rf' 


and 6 feet between the n»J| 








5 4.5 a 2 K 3« » 479 


^^H According to the mle gircn abore, we have b 


-2 inet 


>cs, tf «3 inchea, /-6 feet, S>472 from the Table. Then 


I 


5 ■ • «gJk| 


^^H the bmlilng weight. 








J 



Mechanical D^nUhnt. 



TABLE or THE COHRSirr. POWKR OF BODTKS WBO«K CB088 aKCTIONAX. 
AREAS 1SQUAL OMR S<1VAHR IWCH. 







Cohnlve 


r'.hrtire 




Mrr«ui. 


Power. In 


Power, In 






Ite. 


Toot. 


Swedish bar iron 


- 


65.000 


29-20 


Riutian do. • 


. . . • 


i5'J,470 


26-70 


English do. - 


..." 


56,04)0 


25-00 


Ca«t »twl - 


..." 


134,2.56 


59-93 


61ist«reil do. 


. 


133,152 


.M-43 


Shear do. - 


- 


127.632 


56 -S? 


Wrought copper 


- 


33,Ha2 


1508 


Hard gun metal 


. 


3€..'I68 


>6^3 


Cast copper 


. 


10,072 


851 


Yellow braas, cost 


- 


17,968 


8-Ot 


Cant iron 


- 


17.628 


7-87 


Tin, ca«t 


. 


4,736 


2U 


Bismuth, cast - 


. 


3,250 


1 45 


Lead, cast 


. 


1,024 


0'8t 


ELtstic power or direct tension of wrought iron. | 






medium quality 


. . . -1 


22,400 


to 00 



V«n. _ A bar nf ifon I* MttMMM WOOnfi, or nratly ouv lcn.tbouuii4U> put of lU Icnuth, 
tm •nry tan of dlnct itnia per iquara inch of leeti'onal >mi. 



iper iquara 

PEFnrtTiOMa and properties of mattkr. 

MxcBAMtcf is a science which treats in general of the action of bodies' on 
one another, as regards their motions, their forces, and their velocities. ]}; 
the htws of mechanics we nre taught how to moTe agiren weight with a giren 
power, and how to contrive engines to raise great loMd« and perform motions 
aowever complicated. 

Btitlif is the mass or quantity of matter contained in any material snb- 
■tance. and it is always taken as being proportional to the weight or gravity, 
whatever the figure of the body may be. Body poMc&ses bulk or volume, which 
signifies the space that i« occupied by it : this element must therefore be 
determined by combining the three dimensioiu of length, breadth ond depth. 
Weight or gravity is thai property in a body by which it endeavour* to fall 
downwards and gain the lowest place ; it i* called absolute gravity whea 
the body descends in free space, and relative grarity when ii d»scends in 
« floid. 8|.>ecific gravity is the proportion or rebttion of the weights of dif- 
ferent bodies of e^oal magnitudes, hulks or volume, and is therefore propor- 
tional to the densitY of the bodiea. Density is the proportional weight or 
qoaotity of matter in a body ; lo that in two cubes or globei of equal bulk 
or magnitudi', if the one weigh one ounce, pound or cwt, and the other two 
oonces, pounds or cwts., the density of the latter will be doable that of the 
former ; and if it weighs three ounces. &c., its density will be triple, aad 
ao on. Rarity is the reverse of density, sad is genenilly undcrstocKl by 
referring to the space which is occupied by a given weight of any aeriform 
substance ; thus we say that air is 820 times rarer than water, because an 
ocmce or a pound of air occnpies 830 times the space that is occupied by an 
ounce nr a pound of water. 

Bodies are either hard, Boft,or elastic, and they are also either solid or 
taiA. A hard body is that which retains its figure unaltered under every 
•Iretunstance, reftumg to yield to any force whatever. A 8n(\ body is that 
irhieh admits its form to be altered, lU parts yielding to the least stroke or 
iaipression. the body retaining any form that is given to it. An elastic 
body is that whose parts yield to any stroke or impression, however slight, 
but which instantly restore themselves when the disttirbing agency 
is removed. A solid body is that whose parts are not easily moved 
among themselves, and which retains any form that is pven to it. A 
fluid body is that whose parts yield to the slightest impression, being easily 
moved among themselves in every direction, and the surftce when in a state 
of quiescence is always obser^'ed to coincide with a mooth horisontal 
jdaoe, 

PROPEBTTKS OF MATTER. 



The masses or quantities of matter in all bodies are In the compound 
ntio of their magnitudes and densities ; that is, the masses are pro- 
portional to the magnitudes multiplied by the densities. This is 
obvious from the definitions, for in bodies of equal magnitudes the quantities 
of matter are proportioiial to the densities ; but if the densities are the some, 
tbe masses are proportional to the magnitudes ; that is, a double magnitude 
contains a double quantity of matter, a triple magnitude a triple (Quantity, 
and *a on ; consequently, the quantities of matter are in the ratio com- 
pounded of the magnitiules and densities. In similar bodies the masses or 
quantities of matter, are proportional to the densities and cubes or third 
powers of the diameters ; that is, the quantities are proportional lo the den- 
■ities multiplied by the cubes of the diameters, for the ma^itudes of bodies 
are as the cubes of their diameters, or the cubes of their like linear dimen- 
•ioiu. The quantities of matter in all bodies, are in the compound ratio of 
Ihe magnitudes and speciSc gravities: that is, the quantilies of matter are 
proportional to the magnitudes of the bodies multiplied by the specific 
gravities, the densities and specific gravities being proportional. From the 
principles here stated we deduce the following particulars in regard to the 
propeities of matter. 



The quantity of matter in bodies is proportional to the magnitudes mul- 
tiplied by the densities or speciSc gravities, or the quantity of matter is pro- 
portional to the cube of the diameter multiplied by the density or specific 
gravity. The magnitude of a body is pro[iortional to the quantity of mat- 
ter which it contains divided by the density or specific grsviiy, or the 
magnitude is proportional to the cube of the diameter, or the cube of any 
linear dimension. The density of a body is proportional to the quantity of 
mutter divided by the magnitude, or it is proportional to the specific 
gravity. From these few purticulars we obtain the tolntioiu of the followiitg 
questions in reference to the properties of matter. 

Example. Let the magnitudes of two bodies be 256 and 108 cubic inches 
respectively, and their densities or specific gravities as 2 to 3 ; it is required 
to determine the proportional quantities of matter in the two bodies. The 
method of resolving this example is perfectly manifest from what precedes, 
for we have stated that the quantities of matter are proportional to the 
magnitudes multiplied by the densities, hence it is 
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256x2 : 108 x3::i : 
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.0-6328, 



so that the quantities of mutter in the two bodies are to each other as 1 to 
0-6328 very nearly. 

To vary the question, let it be proposed to determine the proportional 
magnitudes of the two bodies, their proportional densities being as 2 to 3, 
and the quautities of matter as I to 0-6328, or as 1 to -M. We have stated 
above, that the magnitudes of bodies are proportional to the quantity of 
matter divided by the density ; hence we have 

- : ::1 : 0-42 19 very nearly. 

Consequently the proportional magnitudes are as I to 0'42I9 nearly, or 
accurately as 64 to 27 ; it therefore follows, that if one magnitude be given 
the other can readily be found ; thus, for instance, if the greater magnitude 
be 256 cubic inches, the lesser will be 108 cubic inches, for 64 ; '27 :: 256 
: 108. 

GEKGRAL LAWS OF H0TI0.<C AND FORCES. 

Motion is a continual and successive change of place : if the body moves 
equally, it is called tquaUt or uuiform motion ; bnt if the motion increoaca 
or decreases, it is called acctlrraled or retarded motiom, and, when it is com- 
pared with some other body at rest, it is called abmtlute sioftoM. bat whea 
compared with other bodies in motion, it is called rdb/nx motiun. The 
direction of motion is the way the body tends or the line in which it moves, 
and the quantity ot motton is the motion a body has when considered with 
regard to the quantity of matter and velocity conjointly. This is also 
called the momenhnH or mechatucal effect. 

Vtlocitj/ is ao affection of motion by which a body is earned over a oer« 
tain space in a certain time, and is greater or less, according as the body is 
carrivd over a greater or less space in a certain specified time, as a tecond 
or a minute. The measure of velocity is the space or distance tlirough 
which a body movei ooifbrmly in a determinate portion of time -, thus we 
say the piston of a steam-engine travels with a velocity of 220 feet per 
mmnte, and a cannon boll with the velocity of 1600 feet per second. The 
▼arialions which we have attributed to motion ore peculiar also to velocity, 
but Ihey need not be repeated. 

Force is a power eserted on a body to put it in motion or lo stop it when 
it is in motion, and it admits of two varieties ; namely, permanent, and 
impulsive or percussive forces. A permanent force u that which acts 
constantly with the same intensity, such as pressure or the force of gravity. 
But if it act instantaneously, or but for on imperceptibly short space of 
time, it is known by the name of impulse ur percussion. Forces aI^e also 
distinguished into motive and accelerating or retarding forces. A motive 
or moving force u the power of an agent to produce motion, whether it be 
by pressure or by impact, and it is equal or proportional to the momeutnm 
which it generates tu the moving body. An accelerating or retarding 
force is generally understood to be that which influences or affects the 
velocity only, or it is that by which the velocity is increased or decreased, 
and it is always equal or proportional to the motive force diretrtly, and to 
the mass or body moved inversely ; that is, it is either equal or proportional 
to the motive force divided by the weight of the body moved. 

In addition to the above definitious, there are sevi-ml axioms or first 
principles on which Sir Isaac Newton founded the doc-trine of mechanical 
science, and by which he was led through a train of beautiful bnt recondite 
inquiry to the discovery of those simple and immutable laws that irw* 
established for the gOTcnunent of the universe. The axioms or biwa of 
motion alluded to are as follows. 

Axiom or Law I. All bodiet tndtawmr lo peneetre in or SMialam their 
present staff, whether thty be nl rttt or moving KRi/brm^ in a ttraiifht line; 
anil in that ttatt thai for tcer continue, unlet tketf are compdltd lo eUler it by 
the aclitm of tome extraneous force. This is the law of inertiiB. 

Axiom or Law 2. The chani/e or aUmttitm of moliom prodaced hg the 
oftion of any tttemal force it cdicttyi nraportiimal to that faret, mid tkt 
change take* fJace in the dieeetHM of Ae line m kAwA it aeti. This is the 
law of perturbation. 

Axiom or Law 3, 7^ aclton and reaclioH that take place betuten any 
two Iwditi are aluHiyn eqtKtl and in contrary direction* ; that is, by action 
and reaction equal changes of motion are produced in bodies acting on 
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Mch other, »nd tb«f»* changes take plwe in contrary dircetlona. Thid u 
Ui« taw of action and reaction, or the law of reciprocal inflaencefi. And 
tmvn thrt« axioms or laws, in conihinaiinn with the pnrc^^din^ definitions, 
Sir Imac Newton deduces the following ilieory of motion and iurccc, which 
h now itaivertally received. 

The momentum or quantity of motion generated by any momentary or 
irapuUive force it directly proportional to the force that generates it. 
What is here stated is perceived almost intuitively, for ever; effect is 
proportional to its adequate cause; »o that a dimble force will produce a 
double monifntum or qnantity of motion, and a qnadriiple force will pro- 
duce a quadmple momentom, and so on ; that is, the motion coninsunicated 
is always proponioual to the commuDicjiiDg force. When bodies are put 
ia motion by the action of any force, ibe momenta or quantitifS of nintiuu 
generated therein are directly proportional to the masses or quantities of 
matter multiplied by the velocities. This ia evident, for if the velocities 
are e>{ual, the momenta are proportional to tbe masses, a double mass 
impinging with a double force, a triple moss witli a triple force, and so on. 
And in like manner, when the masfre» are the same, a double velocity 
requires a double force to produce it, and a triple velocity a triple force ; or, 
in other word*, the velocity is proportional to tbe motive force. But as we 
have stated above, the momentum or quantity of motion is proportional to 
the force that produces it ; and, consequently, when the maM is the same, 
the momentum is proportional to the velocity j therefore, when nvitber tbe 
mass nor velocity it the same, tbe momentam is proportional to their 
product. 

When the motions are uniform, the spaces or distances described or 
passed over by the moving bodies are directly proportional to the velocities 
multiplied by tbe times of their de«cription. Id uniform motions, ilie 
time occupied by the motion is proportional to the space describud divided 
by the velocity. But when the velocity is constant, the space is pro- 
portional to the time, and when the space is giTen, the time is inversely as 
the velocity -, that is, a greater velocity requires less time to carry it over 
tbe tame space. Again, in uniform mulions, the velocity is proportional 
to the space divided by the time ; hence it follows, that when tbi.' time is 
constant, the velocity u proportionAl to the space described, and when the 
space is constant, the velocity is inversely as the time of deicnption. 

By attentively considering the principles just enunciated, it will readily 
lie perceived that tbe following general analogies may be deduced IVom 
tbem, and by means of these analogies may be resolved all the questions 
Alt can arise in Ti-fcrence lo unitorm motions, and to the effects of 
■MMncntary or impulsive forces. 

1. The momentum or quantity of motion it directly proportional lo the 
generating force. 

2- The momentnm ii directly proportional to the body or quantity of 
matter moved, mnhiplied by the velocity. 

3. The space passed over in any time is directly proportional to the 
time multiplied by the velocity. 

These gvneral theorems, concise as they are, embody a vast fund of 
■Wftil information in regard to mechanical science, and in order to render 
their application as clear and intelligible as potaible, we shall resolve a few 
qnestiont by way of Ulostration. 

Example t. Suppose that one body eontains SS times the matter that 
another body containa, and let the lesser body move lOUO times fuster than 
the greater body 4 what will betbe relation or proportion of their momenta? 

mre it will be instantly perceived, that the solution of the question 
depends on the svcond of the general analogies given above, for in that the 
lUta and iocognito of the question are involved ; the proportional quantities 
of matter and prt^portional velocities are given, and the proportional 
momenta required ; tbe procet* indicated is therefore as follows, vis. : As 
the greater Ivxly multiplied into its velocity, is to the lesser body multiplied 
into Its velocity, so is the moiueutum of the greater body, to thai of liie 
iewer body. 

25 k I : 1 xiooo::! ; 40. 

It thereibre appears that the leaser body must move with a force 40 
timet greater than the greater body, or. in other words, tbe momenta are 
M I to 40. 

KxAMn I - :> ise a body of 2olb<. weight to be impelled by such a 
force as « ihrougli » sfiace of 1(H) (wi in one second of titne. 

srith wha: ....^ .., ^uuld a l>i>«iy uf 8lb«. weight move if it were ttrged by 
th* mxtM force } 

In this eaaraple we are to consider the momentum as being the fame in 
both bodies, in whirh cane, that term in the second analogy will be denoted 
by nnity. and the velocity will then he inviTH.*ly as tbe body or quantity of 
matter; hcnev we liavc 8 : ao: : loo : 250 ; so that the vebiciiy of the lesser 
b<idy t4i produce tbe tame rtfect as the greater must be 250 feet per second. 

lixaiiPI,K 3- Suppose one body to move 40 times faster than anotber. 
bat the flsrtA«r heAj lus been in motion only one minute, whereas the 
alower body has htm in motion two hours ; whist is tbe ratio of the space* 
dr»rribcd by the two bodte*. and what is the apace described by the slower 
bodr. supposing that described by tbe swifter to be 220 feet ? 

iJere we have given tbe proportional velocities and the proportional 
times to find the profortitnnl s|MCe« ; the solution of tbe question will 
therefor* be found by tbe third general analogy, since that iucludes the 
t«TTn« of veloc:ty, tim^, and tpaee. The proceaa indicated by the Biwk-gy 
ia as follows, vix. : A« tliir' greater velocity maliiplied by iu time, ia lo the 



lesser velocity multiplied by its time, to it the space phased over by i» 
swifter body, lo the space patted over by the slower. 

Here the velocities are as 40 to I and the times as 130 to I. there hdhg 
120 minutes in two hours ; the ratio of the spaces must tberefbfc h< it 
40 X I (o 1 X 120, or as I to 3 ; that is, the space passed over by the twifWr 
motion is to that passed over by the slower at 1 to 9 ; but the space 
paased over by the swifter body in one minute is 230 feet, cooaeqacsily iW 
space passed over by the slower body in two hotm is 6<>0 feet. 

ExAMPi.E 4. Lf one body moves with 5 times the velocity of nqther 
body, and by to doing passes over 10 mites for the other's one ; what it tht 
ratio of tbe times thsit the bodies' have been in motion 7 

This cjuestioa is also rt'solved by tbe third general analogj, vbtm At 
time is proportioual to the space divided by the velocity : that sr* km 
^ : |, or the times are as 2 to \ ; that is, the swifter body has bcca la 
motion twice as long as the slower body. In this way maj aaj adac 
question respecting uniform motioni be resolved, to that tbe reader vS 
tee how important it is to potaett a knowledge of the principles T^-'if l tti 
in the above general propositions or analogies. We so^w proceed to da 
couaideroiioa of constant and uniform forces. 

CENERJU. LAWS OF CONSTAHT rOaCSS. 

The quantity of molitM, or the mtwientiim generated by a 
uniform force acting for any time, is proportional to the force maltif 
by the time. For let us conceive the time to be divided, into a 
number of indelinitely smnll elementary parts, then will the bkiom 
g^ni-ruted in each purt be the same, and consequently the whole momeataa 
will be proportional to the whole time of acting, or to the tarn dt the 
indefiiiiiuly small elfmeniary part» into which it is supposed to be ilivided. 
Bat the momentum fir each small portion of time it proportional to th* 
force that produces it ; and consequently tlie whole momentsm is fr^ 
portiotud to the force and time of acting. Hence it follovrt convrvrsrlv, 
that the qnantity of motion or the momentum lost or destroyed in any tiassk 
is also proportional to the force and time of acting ; this it eridfli^ftr 
whatever momentum or quantity of motion is generated by a given ibcce 
in a given time, the same monientam or qnantity of motion v ill be destroyed 
in the same time by an equal and opposite force. CoDaeqaently, whea isr 
Constant and uniform furctf acts fur a given time, the velocity generated ar 
destroyed in that time ii» pniportional to the force multiplied by the f«f 
and divided by the body or Quantity of mntter pat in motion. 

When bodies are urged by constant and uniform: forces acting tor civa 
limea, the spaces passed through during thote timt» are proportional to th* 
forces multiplied by the squares of the timet and divided by the mas tt 
quantity of matter ; or the spaces are proportional to tbe square* of tW 
limes when the forces tnd bodies are given. But when the force acd 
quantity of matter are given, the space is proportional to tbe time mnltiwlioj 
by the velocity, for the space actually passed through it equal to harf tbt 
time of detcriptioQ mulii|)litid by the velocity : Gonse<)neDtly, the tpaet 
that is actually describetl by a constant and naiform force in any g;v«a 
time is just half what would be described with the acquired veloeity coo> 
tinned uniformly during that lime. The space described in any given tiav 
by a constant and nniform force acting during that time is proportional ta 
the square of the velocity. This is evident, for the velocity it pui p u r U uaai 
to the time ; and we have shown tlint when the force and qoantity at aoBV 
are constant, the space it proportional to tbe square of the time, and ci*> 
seiiucntl y proportitmal to the square of the velocity, for the Tuloctty ia |(IK 
p<irtioRal to the time. 

From the principles here specified in reference to constant fbreea. oo^ 
bined with those io the foregoing class in regard to motion, we are 1 natihd 
to deduce rules for resolving all questions relating to motions naifbralf 
accelerated ; but in order to render the references more djttioct, we km 
citllect the principles on which all the proce!iM.'S of c<.>inpiitatioo depead} 
aud it )x Only for tbe rcador to select that which is appropriate to tW 
solution of the question in hand. The general principle* that invotve tks 
doctrine of unifurm and cnnititit forces are as follows. 

1. The momentum or i^uuntity of motion it proportional to the body 1 
masi multiplied by the velocity. 

2. The momentum or quannty of motion is proportional to the 
mnltiplied by the time of acling. 

.1. The space described ia proportional to the time multiplied by 
velocity. 

4. The velocity is proporticmal to the force multiplied by the liaie 
divided by the body or matt. 

These are the general analogies which exhibit the combinations of ( 
sntfii-ient to rew^lvlp all the ordinary questions, rvsfM-cting a c c si elUtt'^ 
motion. Tbey do, honever, in certain cases, require modificationa to 
(hem for ibc purpose in hand : but as it is contrary m oor plan to point 
the several steps of transposition, substitution. &e., we leave that ta kc 
performed by the operator ; it is, however, presumed that the catrn in wh]<h 
It will be necessary are very few. The foLloving are tbe tenua that cOMT 
the genera) analogies : — 

1 The bodif, matt, or quantity of matter, moved. 

2. The malirf force or ayent by which it is pat in motion. 

5. The time the motive force or agent continue* to act. 
4. The veUxiti) generated during the time of action. 



Mechanical Principles. 



29 



5. The tpace described by the body during the ume the force act*. 

6. The mamentum or tpinntily of mofiim generated at the end of the time. 
With these eleutetits aud the four auoiogieH above specified can every 

pellicular respecting constant and uiiifunn forces be lucertaiued. 

LAWS or FALLIKO BODIES. 

Before we proceed to illustrate the application of the foregoing principles 
and analogic* by the renolution of partituliLr numerical examples, it hecnim-t 
necessary to say a few words on the liiws of gravity, or that (Virce by 
which bodies descending in free gpace have a tendency to approach the 
earth in right lines directed to its centre. This force ii general, and 
pervades all nature ; it is also uniform, and con* tantly of the RWiie intensity 
at all placed near the earth's surface, or at equal diitanceit from its central 
point: consequently, bodies descend towards the earth hy a force that 
acts constantly and equally, and hence it followx that nil the thenremi and 
proportions that we have given abore for cuuttaot or uniform forces are 
equally true with respect to the tnolion* of bodies descending by the power 
of gravity, or the law of accklkrjted motion in fallino bodies. 
KiAUixa was the first who directed the attention of philosophers to the 
existence of a gravitating power in bodies but it was reserved for Sir 
Isaac Kewton to detect the laws of its operation and to demonstrate its 
universality. By the labours of Newton we are put in possewion of the 
fact, that, by the force of gravity, all bodies, whether lipht or heavy, fall 
perpendicularly through eqaal spaces ia equal tinieii, supfiosing the mulions 
to be made in vocno. Thus, for instance, a piece of gold or a tittle 
goaaraer will fall tram the top to the bottom of an exhausted receiver in 
the very same space of time, and so will a piece of lead and a feather, tho 
relative weights of bodies having no influence whatever in facilitaling the 
■ descents in free space, the difference of motion that wc observe to take 
place in bodies falling through the air being occasioned solely by the 
resistance which they meet with from that fluid ia (heir deecent Such, 
then, is the nature of gravity ; and it has been found bv numerous very 
llelicotc and accurate experiments that the velocities acquired by bodies in 
desocoding freely by their own weight are directly proportional tu the times 
of descent ; that is, a body will acquire twice the relucily in folliag two 
seconds that it will acquire in one second, and in three sfcuuds the velocity 
will be triple what it is in the first. Another and a very important law of 
fhlling bodies discovered by experiment is, that the spaces described or 
fallen through in any time are directly proportional to the squares of the 
times of descent ; but the velocities are as the times, consequently the 
apaces described are directly proportional to the squares of the velocities : 
it therefore follows that the weights, or gravities of bodies are proportional 
to the quantities of matter which they contain, tinrl that the spaces, times, 
and velocities have to each other the relations ihut we have attributed 
to constant or uniform forces in the foregoing general theorems and 
analogies. 

If a heavy bo«ly be thrown directly upwards, with the same velocity 
which it acquires in falling from a given height, it will liiiie all its motion 
in the same interval of lime that il occupied in descending to acquire the 
wrlncity of projection, and it will ascend to precisely the same height from 
which It fcll> to acquire the said velocity. It will moreover describe equal 
spaces in equal times both in falling and rising, but in a reverse order ; and 
B will have tiqual v^lncilies at any particular point in the line of dtrectioQ, 
whether the motion be upwards or downwards. This is obvious, for the 
•ante active force will generate or destroy the same quantity of motion in 
the same interval of lime. In ascending above the snrfnce of tlie earth 
the force of iu attraction diminishes as the distance from the centre in- 
eneaaes, and the law of diminution is inversely as the square of the distance 
tnm the central point, so that if a body were carried to a height equal to 
half the diameter of the earth above its surface, it will only be attracted 
with one fourth of the force with which it is attracted ut the surface ; thus 
bodies in ascending lose part of their weight. In like manner, the force of 
attraction in bodies situated within the earth or beaeath its surface dimi- 
atshes as the disUncc from the centre diminishes, so that the force of 
attraction or g:ravitation is directly proportional to the distance from the 
C«ntnl point ; hence it follows, that a body situated midway between the 
Centre and surface, will gravitate with only half the force ; it therefore 
appears that the force of attraction or gravitation is a maximum at the 
•urfiKe, It is also found by experiment that the force of attraction ia 
aligbtly different at different parts of the earth's surface, being greatest at 
the poles and lenst at the equator : this arises from two causes, vix., from 
the spheroidal figure of the earth, and from the centrifugal force arising 
fr<)m its riiiuiion on its axis : but in all places to which we have acceas, 
and for all practical purposes, the effects of these causes nuiy be wholly 
overlooked, and the action of gravity may be considered unifonn, and con- 
stantly the saute, as we have already stated it to be at the opcuiog of this 
dtKussioo. 

The force or intensity of gravity in the latitude of Lop/ton is suchi that 
a hody descending freely by its own weight falls through a space of 
■ixteen feet and one inch, or 10/| feet in one second of lime, and at the end 
oif one Second it has acquired a velocity which, if uniformly continued, 
would carry it through a space of thirty-two feet two inches, or S'iftett \a 
the next second of time, and this velocity is cnnventionally asaanied by 
laathemauciuns as the measure of the power of gravity, and, being conitaat. 



it becomes an element of calculation in all our inqoiriea relative to the 
motions and effects of constant or unifonn forces. 

Since the velocities are directly proportional to the times of falling from 
rest, and the spaces described aa the squares of the times, or the squares of 
the velocities; then, as one second of time is to any number of seconds, so 
is (he measure of the power of gravity to the velocity acquired. As the 
aqttare of one second is to the square of the number of seconds, so is the 
apace ftllen in one second to the space described. And from these general 
analngies, combined with the standard experimental numbers, we deduce 
Che fiillowing equations relative to the descents of gravity, and, since they 
are of very great use in mechanical calculations, we »hall be somewhat par> 
licular in their discussion, the space described being always expressed in 
feet, and the time in second*. 

7*Ae irpcice dtm-rihed by a falling body in any time is equal to the square 
of the time, multjplied hy the descent in one second ; or it is etpial to the 
square of the velot ity divided by twice the measure of the power of gravity, 
or one half the lime multiplied hy the velocity. From the first of these 
equations the space descended is detenninuble from the time; by the second 
it is found fVom the velocity ; and by the third, it is assignable ftota the 
time and velocity cotyointly. The second of these forms is one of very 
frequent occurrence, and to it we particuhirly direct the reader's attention, 
as it will be often employed in the course of tJie present work. 

Tltt velocity arquirtd by a falling body iin any time is equal to the mea- 
sure of the power of gravity, multiplied by the time, or it is equal to twice 
the space divided by the time, or the square root of twice the measure of 
the power of gravity multiplied hy the space fallen in the given time 

Tht timt of deaernt in tailing Ixtdies is etjuol to the velocity acquired, 
divided by the measure of the power of gravity ; or it is equal to twice the 
space divided by the velocity, or the square root of the whole space bllen, 
divided by the fall in one second. From these equationa several othera 
might be deduced relative to the space fallen in one teoond, but as they are 
less useful in calculations than those expressed above, we shall not trouble 
our readers with them. 

Since the times of falling are directly proportional to the generated 
velocities, and the spaces described pro[>orti«nal to the squares of both tlie 
times and vi-Iochies, that is, projmrtionoj to the squares of either of them ; 
it follows, thut if the limes of descent be npresenied by the scrii-s of con- 
secutive numbers, 1", '2', S', 4' &c, the correspondmg velocities ut the end 
of the times will be respectively represented hy S2|, 64^ 96^ 12S| &.C. feet 
per second, while the spaces described at the end of each second are ex- 
pressed hy the numbers 16^^481,80^ 112^ &c feet; and the spacea 
described in ihe whole times from the beginning of the dcaceot are IGi^ 
fi4j, U4|, 257^ &c. feet respectively. The generation of these numbers u 
very easily uuderslood; Ifatts, in the first interval, or second of time, the 
force of gravity carries the body through a space of 16|lj feet, and in that 
time it generates a velocity such as, if uniformly continued, would describe 
twice the space, or 3^^ feet in the next second or internal, indei^'udently of 
the action of gravity ; but the force of gravity still continuing to act with 
the same intensity as in the first interval, it will manifestly urge the body 
through an equal space, and this is in addition to that described by the 
uniform motion of 32^ feet ; so that the whcle space gcnerah.-d in the 
second interval is 3i2^ -»- 1 6,', = 48] ; that is, i'2^ described uniformly, and 
lej", described by the force of gravity: consequently, the entire space 
described durinf; Ihe first and second inter\'uls is equal to the sum of the 
■paces described in these intervals c<iTU>idered separately; that is, 1^-t- 
4JB^— 64j feet Again, at the end of the second interval, the body ha< 
acquired a velocity such as, being uniformly continued, would carry it 
through a space of 64J feet m the third interval or second of time, in- 
dependently of the power of gravity : but since gravity still continues to 
exurt itself with the same constant intensity, it will urge the body through 
a space of IG^ij feet in addition to that described by the constant velocitv; 
and consequently the entire spoce described in the third interi'al by the 
force of gravity and the uniform velocity conjointly is 1 6-^ * fi4j = t«(i^ feet, 
and Ihe total space described in the three intervals that have elapsed since 
(he beginning of the motion must be equivalent to the sum of the spaces 
described in each of them separately ; that i^ 16,^+48^ ♦ ^^Vi" ^**\ ****• 
}ly parstiing a similar mode of reasoning fur the successive intervals in the 
series the manner in which the velocity of a falling body is gwienitcl 
will be rendered mtelligible, and the beautiful law of gravity, which 
exercises such an extensive influence in the material world, will be clearly 
comprehended. The following table exhibits the velocities acquired 
in each second, the spaces described in each second, and the total spaces 
described from the beginning of the motion to the end of each second 

Total Spsea. 
Iwl. 



Velocity acquired in the first interval 32^ feet. 



second 


6+i 


third 


»6t 


fourth 


128} 


fifth 


1C0| 


sixth 


lu.-) 


seventh 


ii^i 


eighth 


2^^ 


ninth 


a«)»l 


&c. 


<cc 



SpseedMcriiwd. 
free 
16/, 

*^ 
8t>A 

144) 

i::/, 

2091 
24 ll 
2:3;, 



64L 
U*\ 
2.571 
404 
579 
-»»\ 
ins9| 

1302) 
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ench other, and these changes take plaee ia contrary directions. Thu is 
the law of action and reaction, or the law of reciprocal influences. And 
fh)m these axioms or laws, in combination with the preceding definitions, 
Sir Isaac Newton deduces the following theory of motion and forces, which 
is no'^ universally received. 

The momentum or quantity of motion generated by any momentary or 
impulsive force is directly proportional to the force that generates iL 
V^hat is here stated is perceived almost intuitively, for every effect is 
proportional to its adequate cause ; so that a double force will produce a 
double momentum or quantity of motion, and a quadruple force will pro- 
duce a quadruple momentimi, and so on ; that is, the motion communicated 
u always proportional to the communicating force. When bodies are put 
in motion by the action of any force, the momenta or quantities of motion 
generated therein are directly proportional to the masses or quantities of 
matter multiplied by the velocities. This is evident, for if the velocities 
are equal, the momenta are proportional to the nuuses, a double mass 
impinging with a double force, a triple mass with a triple force, and so on. 
And in like manner, when the masses are the same, a double velocity 
requires a double force to produce it, and a triple velocity a triple force ; or, 
in other words, the velocity is proportional to the motive force. But as we 
have stated above, the momentum or quantity of motion is proportional to 
the force that produces it ; and, consequently, when the mass is the same, 
the momentum is proporUonal to the velocity ; therefore, when neither the 
mass nor velocity is the same, the momentum is proportional to their 
product 

When the motions are uniform, the spaces or distances described or 
passed over by the moving bodies are directly proportional to the velocities 
multiplied by the times of their description. In uniform motions, the 
time occupied by the motion is proportional to the space described divided 
by the velocity. But when the velocity is constant, the space is pro- 
portional to the time, and when the space is given, the time is inversely as 
the velocity ; that is, a greater velocity requires less time to carry it over 
the same space. Agun, in uniform motions, the velocity is proportional 
to the space divided by the time ; hence it follows, that when the time is 
constant, the velocity is proportional to the space described, and when the 
space is constant, the velocity is inversely as the time of description. 

By attentively considering the principles just enunciated, it will readily 
be perceived that the following general analogies may be deduced fWim 
them, and by means of these analogies may be resolved all the questions 
that can arise in reference to unitbrm motiona, and to the effects of 
momentary or impulsive forces. 

1. The momentum or quantity of motion ia directly proportional to the 
generating force. 

2. The momentum is directly proportional to the body or quantity of 
matter moved, multiplied by the velocity. 

3. The space passed over in any time is directly proportional to the 
time multiplied by the velocity. 

These general theorems, concise as they are, embody a vast fund of 
nsefhl information in regard to mechanical science, and in order to render 
their application as clear and intelligible as possible, we shall resolve a few 
questions by way of illustration. 

Example 1. Suppose that one body contains S5 times the matter that 
another body contains, and let the lesser body move 1000 times faster than 
the greater body ; what will be the relation or proportion of their momenta? 

Here it will be instantly perceived, that the solution of the question 
depends on the second of the general analogies given above, for in that the 
data and incognito of the question are involved ; the proportional quantities 
of matter and proportional velocities are given, and the proportional 
momenta required ; the process indicated is therefore as follows, viz. : As 
the greater body multiplied into its velocity, » to the lesser body multiplied 
into its velocity, so ia the momeutum of the greater body, to that of the 
ksscr body. 

25x1 : 1 xiooo::i : 40. 

It therefore api)ear8 that the lesser body must move with a force 40 
times greater than the greater body, or, in other words, the momenta are 
as 1 to 40. 

Example 2. Suppose a body of SOlbs. weight to be impelled by such a 
force as will carry it through a space of 100 feet in one second of time, 
with what velocity would a body of 8 lbs. weight move if it were urged by 
the same force ? 

In this example we are to consider the momentum as being the same in 
both bodies, in which case, that term in the second analogy will be denoted 
by unity, and the velocity will then he inversely as the body or quantity of 
matter ; hence we have 8 : 20 : : 1 00 : 250 ; so that the velocity of the lesser 
body to produce the same effect as the greater must be 250 feet per second. 

Example 3. Suppose one body to move 40 times faster than another, 
but the swiAer body has been in motion only one minute, whereas the 
slower body has been in motion two hours ; wiiat is the ratio of the spaces 
described by the two bodies, and what is the space described by the slower 
body, supposing that described by the swifter to be 220 feet ? 

Here we have given the proportional velocities and the proportional 
times to find the proportional spaces ; the solution of the question will 
therefore be found by the third general analogy, since that includes the 
terms of velocity, time, and space. The process indicated by the analogy 
is as follows, vix. : As the greater velocity multiplied by its tune^ is to the 



leaser velocity multiplied by its time, so is the space puaed ov«r by the 
swifter body, to the space passed over by the slower. 

Here the velocities are as 40 to 1 and the times as 120 to 1, there being 
180 minutes in two hours ; the ratio of the spaces must tberefbre be as 
40 » 1 to 1 X 120, or as 1 to 3 i that is, the space passed over 1^ die swifter 
motion is to that passed over by the slower as 1 to 3 ; bat the space 
passed over by the swifter body in one minute is 220 feet, conseqnentiy the 
space passed over by the slower body in two hours is 6ftO feet. 

Example 4. If one body moves with 5 times the velocity of anotlier 
body, and by so doing passes over 10 miles for the other's one ; what is the 
ratio of the times that the bodies have been in motion ? 

This question ia also resolved by the third general analogy, where the 
time is proportional to the space divided by the velocity : thus we have 
19 : ^, or the times are as 2 to 1 ; that is, the swifter body has been in 
motion twice as long as the slower body. In this way may tny other 
question respecting uniform motions be resolved, so that the rader will 
see how important it is to possess a knowledge of the principles contained 
in the above general propositions or analogies. We bow proceed to the 
consideration of constant and uniform forces. 

general laws op comstant pohcbb. 

The quanUty of motion, or the moMentum generated by a oonstaot and 
uniform force acting for any time, is proportional to the force mnltiplied 
by the time. For let us conceive the time to be divided into ■ great 
number of indefinitely small elementary parts, then will the momentum 
generated in each part be the same, and consequently the whole inonientam 
will be proportional to the whole time of acting, or to the sum of the 
indefinitely small elementary parts into which it is supposed to be divided. 
But the momentum fi>r each small portion of time is proportional to the 
force that produces it; and consequently the whole momentom is pro> 
portional to the force and time of acting. Hence it follows conversely, 
that the quantity of motion or the momentum lost or destroyed in any time, 
is also proportional to the force and time of acting ; this is evident, f» 
whatever momentum or quantity of motion is generated by a given force 
in a given time, the same momentum or quantity of motion will be destroyed 
in the same time by an equal and opposite force. Conseqnentiy, when any 
constant and uniform force acts for a given time, the veloaty generated or 
destroyed in that time is proportional to the force multiplied by the time 
and divided by the body or quantity of matter put in motion. 

When bodies are ur^d by constant and uniform forces actine fbr given 
times, the spaces passed through during those times are proporttonal to the 
forces multiplied by the squares of the times and divided by the maa or 
(quantity of matter ; or the spaces are proportional to the squares of the 
times when the forces and bodies are given. But when the force and 
quantity of matter are given, the space is proportional to the time multiplied 
by the velocity, for the space actually passed through is equal to half the 
time of description multiplied by the velocity : conseqnentiy, the snaee 
that is actually described by a constant and uniform force in any given 
time ia just half what would be described with the acquired vdocity oon< 
tinned uniformly during that time. The space described in any given time 
by a constant and uniform force acting during that time is proportional to 
the square of the velocity. This is evident, for the velocity is proportional 
to the time ; and we have shown that when the force and quantity of matter 
are constant, the space is proportional to the square of the time, and eon* 
sequendv proportional to the square of the velocity, for the velocity is prO" 
portional to the time. 

From the principles here specified in reference to constant fbrees, com* 
bined with those in the foregoing class in regard to motion, we are enabled 
to deduce rules for resolving all questions relating to motions nniforaly 
accelerated ; but in order to render the references more distinct, we here 
collect the principles on which all the processes of computation depend { 
and it is only for the reader to select that which is appropriate to the 
solution of the question in hand. The general principles that involve the 
doctrine of uniform and constant forces are as follows. 

1. The momentum or quantity of motion is proportional to the body or 
mass mnltiplied by the velocity. 

2. The momentum or quantity of motion is proportional to the force 
mnltiplied by the time of acting. 

3. The space described is proportional to the time multiplied by the 
velocity. 

4. The velocity is proportional to the force mnltiplied by the time and 
divided by the body or mass. 

These are the general analogies which exhibit the combinations of data 
sufficient to resolvb all the ordmary questions, respecting accelerated 
motion. They do, however, in certain cases, require modiflcatioos to snit 
them for the purpose in hand : but as it is contrary to our plan to pursue 
the several steps of transposition, substitution, &c we leave that to be 
performed by the operator ; it is, however, presumed that the cases in which 
It will be necessary are very few. The following are the terms that enter 
the general analogies : — 

1 The &m/^, mass, or quantity of matter, moved. 

2. The motive force or agent by which it is put in motion. 

3. The time the motive force or agent continues to act 

4. The velocity generated during the time of action. 
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to turn the 1er«r about the usumed point, u if tbev were both placed in 
their common centre of gravity. Or, if the line with the bodies moves 
iil'iout the assumed point, the sum of the momenta is equal to the momentum 
cjf the sum of the bodies placed at their common centre of prarity. The 
same prof>t'ny holds with respect to any number of bodies whatever, and 
alio w))c-n the bodies are not placed in the line, but in perpendiculars to it 
potsinf; through the bodies. If any. plane poas through the assumed point, 
perpendicular to the line in which it subsists, then the distance of the 
eomnioD centre of gravity of all the bodies from that plain is etiiml to the 
■tun of at! the momenta divided by the sum of all the bodies. We may 
here specify the positions of the centre of gravity in several figures of 
very frefjuent occurrence. 

In a straight line, or in a ttraight bar or rod of uniform figure and density, 
the position of the centre of gravity is at the middle of its length. In the 
plane of a triangle the centre of gravity is situated in the straight line 
drawn from any one of the angles to the middle of the opposite side, and 
■t two thirds of this line distant from the angle where it originates, or one 
third distant from the base. In the surface of a trapezium the centre of 
eravity is in tbe intersections of the straight lines that join the centres of 
tbe opposite triangles made by the two diagonals. The centre of gravity 
of the surface' of a parailrlogrum is at the iaiersection of the diagonals, or 
•t the inter»«ciion of the two line* which bisect the figure from its opposite 
sides. In any regular polygon the centre of gravity is at ttie same point 
aft tbe centre of magnitude. In a circular arc the position of the centre 
bf gravity is distant I'rom the centre of tbe circle by the measure of a fourth 
prsportioaal to the arc. radius, and chord. In a semicular arc the posi- 
tion of the centre of gravity ia distant from the centre by the measure of 
a third proportional to the arc of the quadrant and the radius. In the 
sector of a circle the position of the centre of gravity is distiuit fnMB the 
centre of the circle by a fourth proportional to three times the arc of the 
acctor, the chord of tbe arc, and the diameter of the circle. In a circular 
segment tbe position of the centre of gravity ia distant fWim the centre of 
the circle by a space which ia eqtial to tbe cube or third power of the 
chord divided by twelve times the area of the segment. In a semicircle 
the position of the centre of gravity is distant from the centre of the 
circle by a space which ia equal to four times the raditw divided by the 
constant number 9-1416 x3'9-4348. In a parabola the position of the 
centre of gravity ia tlistant from the vertex by tbree-fiftha of the axis. 
In a semi-parabola tbe poaition of the centre of gravity is at the intersection 
of the co-ordinatea, one of which is parallel to the base, and distant from it 
by twf>-fifths of the ftxia, and tbe other parallel to the axis, but distant from 
it bv three-eigbtha of tbe aemi-bose. 

'the centre* of gravity of the surlacc of a c} Under, a cone, and conic 
frustum, are respectively at tlie same distances from the origin as are the 
centres of gravity of tbe parallelogram, tbe triangle, and trapexoid, which 
are sections paaaing along the axea of the respective solids. The centre of 
gravity of the surface of a apberic segment is at the middle of the veried 
tiae or height The centre of gravity of the convex surfitce of a spherical 
Mte if at the middle of that portion «if the axil of the sphere intercepted 
tiy its two bases. In prisms and cylinders the poaition of the centre of 
gravity is at tbe middle of the straight line that joins the centres of gravity 
nf their oppoaite ends. In pyrann<l» and cones the centre of gravity is in 
the straight line that joins the vertex with tbe centre of gravity of the ba»e, 
and at three-fourths of its length from the vertex, and one-fourth from the 
base In a aemispbere, or semispberoid. the poaitioa of the centre of gravity 
ia distant tKTn the centre by three-eightha of tbe radiua. In a parabolic 
eooo<'< ••■•. ....."ion iif the centre of gravity is distant ftom the baae by one- 
thin: , or two-thirds of the axis disunt from the vertex. There 
are >■■ •'! bodie* and figurea of which the position of the centre of 
gravity u known t but aa the poaitkm in thoae cases cannot be defined 
irttboot ilgvbn, we omit tbcm. 

otynMxmtAL asu CMsnirvau. forccs. 

Cflml firvtt tre of two kinds, eenlripttal and rrntrijiiijal Cmtripflal 
/ttret ia tbat fbree by which a body is attracted or impelled toward* a 
ocrtaio Axed point u a centre, and that point towards which the body is 
ntftA la called tbe etntn of aUmcHon or the centre of forre. Cenlri/iiffal 
font b tkst Ibrce by which a body endeavoon to recede fh>m the centre 
of attlMlioOi Md from which it would actoallpr fly oflf in tbe direction of a 
Ingmt If it were not prvvi^nted by tbe acUon of the centripetal force. 
These two forces are therefore antagonistic ; the action of tbe one being di- 
netly opposed to that of tbe other. It is on tbe joint action of these two forces 
that all curvilinear motion dependa. Circular motion is that affectitm of cur- 
vilinear mirtion wtiere the body ia eotutrained to move in tbe circumference 
of a rircie : if it cnntinnes to move so aa to deacribe the entire circle, it is 
drnominaird n<Uiu<ry muhum, and tbe body is said to revolve in a circular 
orbit, tbe oentre of which is called the centre of motion. In all circular 
Biatioo* tba tUflactioo or deviation fVom the rectilinear course is constantly 
the ana at tvcry point of the orbit, in which case the centri|)ctttl and 
e«alrtfti||al forces are equal to one another. In circular orbiu the ccntri- 
pstal forcoa, by which equal bodies placed at equal distances fhim the 
ew n wa of fore* anr attncted or drawn towards those centres, are propor- 
tional to the qtMBCitisa of matter in tbe central bodies. This is manifest, 
Ibr dse* all attraetton takes place towards some particular body, every 



particle in the attracting bodr must produce its individoa) rffeeti^ 
quently, a body containing twice the quantity of matter will exe^ 
the attractive energy, aud a body containing thince the quantity 
will o^ierate with thrice the attractive force, and so on accordisi|r^ 
quantity of matter in the attracting body. 

Any body, whether large or small, when placed at the same distaaM 1 
the centre of force, is attracted or drawn through equal spaces tn the i 
time hy the action of the central body. This is obvioua front the eca- 
sideration that although a body two or three times greater is aT;g«d wiA 
two or three times greater an attractive force, yet there ia two or ibne 
times the qnantity of matter to be moved ; and, as we have show d eUcwhci^ 
the ve.ocity generated in a given time is directly proportional to the torn 
by which it is generated, and inversely as tbe quantity of mattar in Aa 
moving or attracted body. But the force which in the yni a wU imlaca 
is the weight of the l>ody is proportional to the qnantity of mntlcr vtith 
it contains; consequently, the velocity generated is directly and iasentty 
proportional lu the quantity of matter in the attracted body, and ia, ihov* 
fore, a given or a constant quantity, Hence tbe centripetal forec» or tmt 
towards tbe centre of the circular orbit, is not measured hy tbe aMgdtiii 
of the revolving body, hut o»ly by the space which it describee or pimm 
over in a given time. When a body revolves in a circular orbit, and il 
retained in it by means of centripetal force directed to tbe eesttv, I 
actual velocity of the revolving body at every point of its revolutioa 1 
equal to that which it would acquire by falling perpendicularly with 
same unifivrm force through one-fonrth nf the diameter, or ooe iMJf 
radius of its orbit ; and this velocity is tbe same as would be ac«]aired byj 
second body in foiling through half the radius, whilst the first badT,i 
revolving in its orbit, describes a portion of the circonafer*iK?e whin is 
eqiml in length to half the diameter of the circle. Conseqnetitly, if a bo4y 
revolves uniformly in the circmii fere nee of a circle by meana of a givai 
centripetal force, the portion of the circumference which it describes ia lay 
lime is a mean proportional between the diameter of the circle atal ike 
space which tbe body would descend perpendicularly ia tbe same baa. 
and with the same given force continued uniformly. 

Tlie perkidic lime, in the doctrine of central forces, is tbe time occttpird 
by a body in performing a complete revolnlinn round the centre, when that 
body is constrained to move in the circumference by means nf a eentripcial 
force directed to that point ; and when the body revolves in a ciltaltf 
orbit, the periodic time, or the time of performing a complete revoiotios, ii 

expressed by the term v ( Vy, and the velocity or ipaoe paiatil over ia 
the time t will be i,^dii ; in which expressions d denotes tbe jtSffffr el 
the circular orbit described by tbe revolving body, « tbe space desemdsd 
in any time by a body falling perpendicularly downwards with the sane 
unifonn force, t the time of descending through tbe space a and * ^ 
circumference of a circle whose diameter is unity. If several bo^* 
revolving in circles round the same or different centrea be retained it 
their orbits by the action of centri[>elal forces directed to those poiniSt thr 
perioilic time* will be directly as the square roots of the radii or diatncM 
of the revolving bodies, and inversely as the square roots of the ceotripettl 
forces, or, what is tbe same thing, the squares of tbe periodic tiaea an 
directly as the radii, and inversely as the centripetal foroea. 

CENTRE OF OtIUTION. 

The centn nfgj/ration is that point in which, if all the constitnent [ 
or all the matter contained in a revolving body, or system of bodies, ' 
concentrated, the same angular velocity would be generated in iki 
time by a given force acting at any place as would be geoenued 
some force actiog similarly on the body or system itself according to kt 
formation. 

Tbe angvlar motion of a body, or system of bodies, is the motion of a fiat 
oonnectitig any point with the centre or axis of motion, aad b the ■atll 
eU parts of the same revolving system. 

In different unconnected bodies, each revolving about a centre, tbt 
angular velocity is directly proportional to the absolute velocity, aad i» 
versely as the distance from ihe centre of motion ; so that, if tbe ateolHt 
velocities of the revolving bodies be proportional to their radii ordisiiaeK 
the angular velocities will be equal. If tfaeaxis of motion passes through til 
centre of gravity, then is this centre called the principal centre of gymda 

Tbe distance of tbe centre of gyration from tbe point of snspeosica, * 
the axis of motion in any body or system of bodies, is a geometrical BMB 
between tbe centres of gravity and oscillation from tbe aame point ir 
axis ; cooaeqiiently, having found tbe distances of these centrea ia any 
proposed case, the s^^uare riK>t of their product will give tbe distaxtceof Iht 
centre of gyration. If any part of a system be conceived to be collected ia 
tbe centre of gyration of that particular part, the centre of gyratioo of ^ 
whole system will continue tbe same as before ; for the same force that iB«i*ei 
this part of tbe system before along with the rest will move it nov wilhail 
any change ; and conse<]uently, if each part of the system be ootlcoiel 
into its own partionlar centre, the common centre of tbe whole syotcaa srtB 
continue the same. If a circle be described about the centre of gravity cf 
any system, and the axis of rotation be made to pass through any point of 
the circomftrence, tbe distance of the centre of gyration tnn thai goat 
will always be the same. 
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If the periphery of a circle revolve sbont ui axis pissing through the 
itrc. and at right an|<le« to its plane, it is the same thing as if all the 
:r were coUeotod into any one point in the periphery. And moreover, 
plane of a circle or a disk containing twice the quantity of matter as 
the said periphery, and having the same diameter, will in an e<)ual lime 
acquire the &aiu<? angular velocity. If the matter of a revolving hody 
were actoally to be placed in the centre of gyration, it ought either to be 
amuigvd in the circumference, or in two points of the circumference 
diametrically opposite to each other, and equally distant trom the centre 
of motion, for by this means the centre of motion will coincide with the 
centre of gravity, and the body will revolve without any lateral force on 
any side. These are the chief properties connected with the centre of gy- 
ration, and the following are a few of the cases in which its position has 
been ascertained. 

In °a right line, or a evlinder of very small diameter revolving about one 
of its extremities, the distance of the centre of gyration fl-otn the centre of 
motion is equal to the length of the revolving line or cylinder multiplied 
by the square root of j. In the plane of a circle, or a cylinder revolving 
about (he axis, it is equal to the rudins multiplied by the square root o{{. In 
the circuinfervnce of a circle revolving about the diameter it is eqtuil to 
the tadius mnlliplied by the square root of J. lo the plaue of a circle revolv- 
ing about the diameter it is equal to one half the radius. In a tliiu circu- 
lar ring revolving about one of its diameters as an axis it is equal to the 
nditis mnltiplied by4hc square root of^ In a solid globe revolving about the 
icier it is equal to the radius multiplied by the square root of 1. In 
surface of a sphere revolving about the diameter it is equal lo the 
itis moltiplied by the square rout of jj. la a right cone revolving about 
the axis it is equal to the radius of the base multiplied by the square root 
of ^ In all these cases the distance is estimated from the centre of ihe axis 
of motion. We shall have occasion to illustrate these principles when we 
oome to treat oC fly-wheels in the constructioo of tlie different parts of 
cteam engines. 

When bodies revolving in the circumferences of different circles are re- 
tained in their orbits by centripetal forces directed to the centres, the 
periodic times of revolution are directly proportional to the distances or 
radii of the circles, and inversely as the velocities of motion; and the 
periodic times, under like circumstances, are directly an the veloeitiis of 
motion, and inversely as the centripetal forces. If the times of revolution 
are equal, the velocities and centripetal forces are directly as the distances 
or radii of the circlet. If the centripetal forces are equal, the squares 
of the times of revolution and the sijuarvs of the velocities are as the 
diitances or radii of the circles. If ttie times of revolution are as the radii 
of the circles, the velocities will be equal, aud the centripetal forces reci- 
procally as the radii. 

If several bodies revolve in circtilar orbits round the same or different 
centres, the velocities are directly as the distances or radii, and inversely 
as the times of revolution. The velocities are directly as the centripetal 
forces and the limes of revolution. The squares of the velocities are propor- 
tiunal to tlie centripi*ial forces, snd the dbtances or radii of the circles. 
When the velocities are equal, the times of revolution are propurtioaal to 
the radii of the circles in which the bodies revolve, and the radii of the 
circles are inversely as the centripetal forces. If the velocities be propor- 
tional to the distsnces or radii of the circles, the centripetal forces will be 
io the same ratio, and the times of revolution will be eqiial. 

If Several bodien revolve in circular orbits aboat the same or different 
centres, the centripetal forces are proportional to the distances or radii of 
the circles directly, and inversely as Ihe squares of the times of revolution. 
The centripetal forces are directly proportional to the velocities, and 
Inverwiy as the times of revolution. The centripetal forces are directly as 
the squares of the velocities, and inversely as the distances or radii of the 
circle*. When the centripetal forces are eqnal. the velocities are propor- 
tional to the times of revolution, and the distances as the squares of the 
tinie» or as the squares of the velocities. When the ceotral forces are pro- 
IM)rtional to the d[ii\;ances or radii of the circles, the times of revolution are 
equal. If several bodies revolve in circular orbits about the same or 
different centres, the radii of the circles are directly proportional to the 
centripetal forces, and the squares of the periodic times. The distances or 
radii of the circles are directly as the velocities and periodic times. The 
ices or radii of the circles are directly as the squares of the velocities. 

reciprocally as the centri|)etal forces. .If the distances are equal, the 

eniripetal forces arc directly as the sqnares of the velocities, and recipro- 
cally as the squares of the times of revolution ; the velocities als<i are 
jpecipprically as the times of revolution. The converse of these pnnciples 
|A pr<ip«rti>'s are equally true ; and all that has been here stated in regard 
'centtipeial forces is similarly true of centrifugal forces, they being equal 
and contrary to each other. 

The quantities cif matter in all attracting bodies, having other bodies 
revolving about them in circular orbits are proportional to the cubes of the 
distances directly, and to the si]uaresof the times of revolution reciprocally. 
The attractive force of a liody is directly proportional to the quantity of 
Blatter, and inversely as the square of the distance. If the centri{>etal 
force of a body revolving in ■ circular orbit be proportional to the distance 
trvm the centre, a body let fall from the upper extremity of the vertical 
diameter will reach the centre in the same time that the revolving body 
describes one fourth part of the orbit. The velocity of the descending bodr 



at any point of the diameter is proportional to the ordinate of the circle ; 
that point; and the time of falling through anv portion of the diameter Is' 
proportional to the arc of the circumference whose versed .sine is the space 
fallen through. All the times of falling from any altitudes whatever to the 
centre of the orbit will be equal ; for these times are equal to one fourth of 
the periodic times, and these times, under the speeitied conditions, are enual.^^ 
The velocity of the descending body at the centre of the circular orbit iB^| 
equal to the velocity of the revolving body. ^^M 

These are the chief principles that we need consider regarding the 
motion of bodies in circular orbits ; and from them we are led to the consi- 
deration of bodies suspended on a centre, and made to revolve in a circle 
licrcath the suspending point, so that when the body describes the circum- 
ference of a circle, the string or wire by which it is suspended describes 
the surface of a cone. A body thus revolving is called a conictil pendulum, 
and this species of pendulum, or, as it is usually termed^the governor, is of 
great importance in mechanical arrangements, being employed to regulate 
the movements of steam engines, water-wheels, and other mechanism. As 
we shall have occasion to show the construction and nse of this instrunieot^H 
when treating of the parts and pro()ortions of engines, we need not domoret^f 
at present than state the ptinciplcs on which its action depends. We^B 
must, however, previously say a few words on the properties of the simple 

peniiutum. or that which, being suspended from a centre, is made lo 

vibrat* from side to side io the same vertical plane. ^H 

PENDtTLtTMS. 

If a pendulum vibrates in a small cijcular arc, the time of performing^ 

one vibration is to the time occupied by a heavy body in falling perpc»^H 
dicularly through half the length of the pendulum as the circumference n^H 
a circle is to its diameter. All vibrations of the same pendulum made in 
very small circular arcs are made in very nearly the same time. The 
space described by a falling body in the time of one vibration is to half the 
length of the pendulum as the sqnare of the circunifei*ence of a circle is to 
the square of the diameter. The lengths of two pendulums which by ^^ 
vibrating describe similar circular arcs are to each other as the squares a(^| 
the times of vibration. The times of pendulums vibrating in small circular^| 
arcs are as the square roots of the lengths of the pendulums. The velocity 
of a pendulum at the lowest point of its path is proportional to the chord 
of the arc through which it descends to acquire that velocity. Pendulums 
of the same length vibrate in the tame time whatever the weights may bv. 
From which we infer, that all bodies near the earth's surface, whether they 
he heavy or light, will fall through equal •paces io equal time^ the resistance 
of the air not being considered. 

The lengths of pendulums vibrating in the same time in different positions 
of the earth's surface are as the forces of gravity in those positions. The 
times wherein pendulums of the same length will vibrate by different force* 
of gravity are inversely a-s the square roots of the forces. The lengths 
pendalums vibrating ia different places are as the forces of gravity at tb 
places and the squares of the titnes of vibration. The times in whic^' 
pendulums of any length perform their vibrations are directly as the square 
roots of their lengths, and inversely as the square roots of the gravitating 
forces. The forces of gravity at different places on the earth's surface are 
directly as the lengths of the pendulums, and inversely as the sqnares of 
the times of vibration. These are the chief properties of a Hmpic pendiJum 
vibrating in a vertical plane, and the principal problems that arise in con- 
nection with it are the following, viz : 

To find the length of a pendulum that shall make any number of vibra- 
tions in a given time ; and secondly, having given the length of a pendulum, 
to find the number of vibrations it will make in any time given. These 
are problems of very easy solntion, and the rules for resolving them at« 
simply as follow : — For the first, the nile is, tHuUiftli/ the aqiiart of the ntt 
ber of secondx in the yivcn time bt/ the conttant nyjulter 39']3'.'3, and divi 
the fintdact by the m/Mare of the number of ribrations, for the length of tAe 
pendulum in inche$. For the fiecond, it is, multiply the $quare of tlie number 
of Htcondt in the given time by the constant num&er 30*1999. diride the proJj 
by the given length of the jiendulum in tnvhrt, and etttract the mpiare root of ti 
quotient fiv the numlter of vtbrutiunii mrught. The number .^9-l393 is the 
length of a pendulum in inches, that vibrates seconds, or sixty times in 
ininuie, in the latitude of London. 

Example 1. Suppose a pendulum is found to moke 35 vibratioiu in a 
minute; what is the distance from the centre of suspension to the centre 
of oscillation ? 

Here, by the nile, the ntimber of seconds in the given time ia 60 : heni 
we get eo X 60 « 391393- J40901-4a, which, being divided by ;«.'» k 33 
1225, gives UQ901-48-J-l225= 1 15021 inches for the length required. 

Example 2. The length of a pendulum between the centre of suspension 
and the centre of oscillation is 64 inches ; what number of vibrations will 
it make in 60 seconds ? ^^ 

By the rule we have 60 y 60 x 39-1393-140901-48, which, being divide^fl 
by 64, gives 14090r48-r64»S364-0896. and tiie square root of tliis i^l 

v'3264'0856'> 47-58, number of vibrations sought When the givev^ 
time is a minute or 60 seconds, as in the two examples proposed abov— ^ 
the product of the constant number 391393 by the square of the time, ^^ "^ 
140901-48, is itself a constant quantity, which, being kept in mind, «<!* • ^ 
some measure facilitate the process of calculation in all simihu' cases 
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now return to the consideration of the conical pendalutn, or that in which 
the ball rryolvct abuut a vertical oxia in the circumference of a circular 
plane which ii parftllei to the horizon. 

COmCAI. FEMDDLCK. 

If ■ pendaLim be turpended from the upper extremity of a vertical axii, 
and be mode to re vt)lvt; alxiut that axis by B conitol inojion, which constrains 
the revolving b<xly to move ia the circumftrence of a circle M'iiosi- plane la 
parallel to the horlxun, then the tune in which the pendulum perfonns 
a revolntioo about the axis can eiuily bv found. 

Let C D,Jin. 28., be the pendulum in question, suspended from C, 

the upper extremity of the vertical 
axis C i), and let the boll or body B, by 
jg / \ revoUinj; nbcmt the said axis, describe 

the circle B E A II. the plane of which 
is parallel to the horizon ; it is pro- 
posed la a>t»i^ the time of descrip- 
tion, or the time in which the body B 
performs a revolution about the axis 
C I>, at the distance B D. 

Conceive the axis C I) to denote the 
weight of the revolving body, or it» 
force b the direction of gravity ; 
then, by the Compof^ition and Resolu- 
tion of Forces, already treated of, 
C B will denote the force or tension of the string or wire that retains the 
retolving body in ilie direction C B, and B D the force tending to the 
centre of the plane of revolution at D. But, by the general laws of motion 
and forces previously laid down, if the time be given, the space described 
will he directly proportional to the fot«e; but, by the laws of gravity, the 
»pace fiillen perpemlicularly from rest, in one second of time, is 9= IG^^feet; 

(onMqtWDlIy wc have C D : B D :: 16^ : —££)—• *^f 'P^"*^ described 

towards D hy the force in H I> in one second. Consequently, by the laws 
of centripetal forces, the periodic time, or the lime of the body revolving 

- , where w= 

A-UIC. the circumference of a circle whose diameter » unity ; or pnttmg ( 
to denol«> the lime, and expresaing the height C D in feet, we get (~6-S832 

/ -_, or, by reducbg the exprcaion to its simplest form, it 

become* <«0-.M'J!«6v'CD, where C D muat be estimated in inches, and t 
in seconds. Here we have obtained an expression of great simplicity, and 
the prartical rule for reducing it may be expressed in words, as follows : — 
RCXS, MtlUtpi^ At tquart root of tht heiijhl, ttr the dUtance. Iteticeen the 
poimt o/nupemott and tht etntr* 0/ ilu jUanr of mntlvtum, in inchea, by the 
cemttam/rmcUom 03 1 986, and the product leill b« the time of rtivlutioH in 

ExaHTLK. In what time will a conieal pendulum revolve about iu ver- 
tieal axis, •uppoaiog the distance between the point of tuspeDsion and the 
ecntre of the ptiioe of revolution to be 39*139.1 inchea, whirh is the length 
of a aimpk pcodalmn that vibrates seconds in the latitude of London ? 

Tbe8<it»rfroolof 39 1395 is G'iOfJI ; consequently, by the rule, we have, 
(■3541 »0-S198ft-S'0011 aeconds for the time of revolution sought. It 
r<iiMe<]uenily rerolTes SO timea in a minate, as it ought to do by the theory 
of the kimpU pvndulom. 

By revening the prooeaa, the height of the cone, or the distance between 
the point of MMpaaaion and the centre of the plane of revolution, correspond- 
ing to any pven time, can eaaily he ascertained ; for we have only to 
<Uvkde ihe'numbcr of seconds in the given time by the constant decimal 
0'31UH<>, and the square of the quotient will (>«• the required height in inches. 
Thus supmiMr it were re«iiiircd to find the heifsbt of a coniral pendulum 
thu wooid revolve 30 times in a minute. Here the time of revolution is 
S moomilt tot W-t-Vt'^ --i ; theri'fore, by di%iM«n, it ia 9 -(-0-3I986>: 6-2527, 
«hieh,bcinKaqiur«d, gives rr2ri27 " 33-09*il iiiclies,orthe lengthof a simple 
pendulum thai vibrates t4-c«iids very neariy. In all conical pendulums the 
times of revolution, or the periodic times, are proportional to the square 
noia of the hritrbu of the cones. This is manifest, for in the foregoing 
tqoalioB of the periodic time the numbers 6-*2H3i and 386, or 13 x 32^, are 
coiia«<|ttenily ( varies as t/CD. 

I he eoiM«i or tlie distancea between the points of soajpen- 

„f .K.. •■i.,r„^ of revolution, be the same, the permdio 

'T>, will be the same, whatever may be the 

the rxTolving bodies. This will be clearly 



the same time; hut if any one of them should he allowed (o rte UflMSi 
velocity would be increued, and if it descends the Tclocitj will b> ^ 
creaaed. 



C»i: 

tiBM,or ib< 
ndii of thf r>i> 



imdar at ood bv cunirtuplaiiug ihc subjoined diagram, ./?,«7- S9.. where all the 
pendnlmiw r «, <' *, V c, C 1/, aud C t, having the common axis CD. will 
r<-' . . and if they are all in the same vertical plane 

« ! :hey will continae to revolve in that plane, what- 

(it long as the commnn axis or height of the cone 

f, I nil! Iiecome mauifi'it, if we coocetve an inflexible 

X^i . , -1 though the centres of all the balls as well a< 

ttir comiuon aua, (or then the bar and the s«v ral halls must ail revolve ia 



11 



\ 






Half the periodic time of a conical pendntnm is equal to the tiawcCi 
tion of a simple pendulum, the length of which i» equal to the axit «r { 
of the cone ; thai i$, the simple pendulum niakes two oM-illations or vRin^~ 
lions from side to side, or il arrives at tlie Mme point from » Inch it depontd, 
in the same lime that the conical pendulum revolves uboui its axii^ TW 
space descended by a falling body in the time of one rev<ilutinn of tW 
conical pendulum is eni^al to 3-1416^ multiplied by twice the height or aaJa 
of the cone. The periodic time, or the tiuie of oue revolution, la «^«t I* 
the product of S-UlCv'S multiplied by the time of fallinr, t!,r...,.jj ^ 
heighl of the cone. The weight of a conical pendulum, ^ ire a 

the circumference of a circle, bears the sajue proptirtion i nfapi 

force, or its tendency to fly oflT in a straight Hue, as the bju» or height cf 
the cone heart to the radiu:» of the pUne of revolution ; cooaeiqaently, «ha 
the height of the cone is e<)ua1 to the radius of it« base, the centripetal # 
centrifugal force is equal to the power of gravity. 

These are the principles on which the action of the conical peaMmk 
depends ; but as we shall hereafter have occasion to consider h mart it 
large, we need not say more respecting it in this place : before ditmiMM 
the subject, however, it may he proper to put the reader in pocaeaMB <■ 
tlie rules for calculating the position of the centre of oscillation in vibnttiaf 
bodies, in a few cases where it has been determined, theae being the am* 
that are of the moct frequent occurrence in practice. 

The centre <f otcillation in a vibrating body ia that point in tlw IJK ii 
Eospension, in which, if all the matter of the aystOB wrene eoIl«(«d. iMf 
force applied there woold generate the same angular motioa In • ptm 
time as the same force applied at the centre of gravity. The ecsffo it 
oscillation for several figures of very frequent use, stupcnded ftott CbM 
vertices and vibrating fiotwise, arc as follow ; — 

In a right line, or parailelpgram, or a cylinder of very amatl dlaincter.f 
centre of oKillation is at two-thirds of the length from the pmot of 1 
sion. In an isosceles triangle the centre of oscillation is at " 
of the altitude. In a circk- it i« five-fuurtha of the radiua. In the 1 
parabola it ia five-sevenths of its altitude. In a parabola of any ol4af it 

ia [ -J K altitude where » denotes the order of (he figurtb 

In bodies vibrating bterally, or in their own plane, the ow s trw of eat^ 
lotion are situated b» follows ; uameiy, iu a circle the centrr of iw iM^iia 
is at three-fourths of the diameter; iu a rectangle, suspended at om «f M 
angles, it is at two-thirds of the diajLToual ; in a parabola, suspended \j Ikr 
vertex, it is five-aeventhi of the axis increased by one-third of ih« 
meter ; in a parabola, suspended by ihe middle of iu bojo, it is fo 
of the axis, increased by half tbc piininioier ; in the sect>>r of a cit<ele 
three times the arc of the sector multiplied by the radiuK, aud divided ' 
four times the chord ; in a right cone it is four-fiflhs of tlie axia or 
increased bv the quotient that arises when the square <^f the raidinB «t~\ 
base IS divided by five times the hei(;ht ; in a globe or sphi'iv it is tW 1 
of the sphere, plus the length of the thread by which it is 
the quotient that arises when twice the square of the radius ia dil 
five times the som of the radius and the leogth of the sai|Madfa|g 
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In at) these caces the distance is Mtimated from the point of snipeasioii, and 
since the cvntrM of oscillation ond perciuaion are in one and the same point, 
whatever hiu bevn said of the one is equally true of the other. 

HEAT AND COXBtTBTION. 

Having now explained ot some len<rth the mechaniciil principles with 
which the student of the sicam engine ought to be acquainted if he wishes 
to get to the bottom of liie subject, we «hail next say something of the 
nature of heat and combustion, an acquaintance wiih which is eijually 
neeesaary to his proficiency. Upon some, we are aware, these eleimotary 
«lttoidations will be thrown away, for the greater number of competent 
engineers are already familiar with such inquiries i and it ia not to be sup- 
poved that we can adJ niuterially to their information upon these preliminary 
topics. But to a far larger nunitier a trcatihc upon the steam engine would 
be a sealed book wiihout such steps of easy progression ; and our profession 
ia, while aapiring to add to the information of (he initiated, to open the 
subject of the steam engine up to those unacquainted with steam, or any 
otber science. 

There are three modifications of heat of which philosophers speak ; sen- 
sible heat, latent Beat, and specific heat SenuMe heat is the heat which 
is observable by the thermometer, or discoverable by the senses ; and tliis 
kind of heal exists in every thing with which we are ncquainti-d j for, us 
we know of nothing so cold but what it might be colder, there ia nothing 
without a certain degree of heat in the whole range of our experience. The 
frosty atmrispbcre of our own climate, for example, is not so cold as that of 
Russia, while the Russian atmosphere, again, is more genial than that of 
the north pole ; and even at the north pole some times ari* colder than 
others, and as cold arises merely from a penury of heat, thi-re are variations 
in the degrees of heat even in the coldest situations, and consequently nomt 
existing and discoverable by the tlierinometer in ail things. 

Latent heat is defined to be that heat which is not discorernble by the 
thermometer, but is expended in producing a change of state, as in the 
liquefaction of ice or the vaporization of water. If un open vessel of water 
be placed upon a fire, the temperature of the water will not rise above the 
iKtiling point, or 212 degrees, howe^-er long the Imiling be continued, al- 
though the water must have been all the while receiving accessions of heat 
from the fire. All the heat received over and above that requisite to pro- 
duce Uie temperature of 212" is expended in the formation of steam, but 
the steam itself does not rise above aia'^; and on account of the heat thus 
hiding itself, as it were, in the steam, it is called latent heat The tenn, 
however, is a had one, as the obvious explanation is, that heal is capable of 
producing two distinct effects ; the one an elevation of tetnpenUure with the 
came volume, and the other an augmetitalion of volume with the same lem- 
peraturci and tln-«e effects are equivalent and converiiblc. There is, there- 
fore, no more propriety in saying that heat is latent when it does not elevate 
the temperature of a body than when it does not enlarge its volume, for in 
each case the effect proper to the application is produced, and to look for 
•n augmentation of temperature, as well as an augmentation of volume, 
worild be to reckon upon receiWng the same thing twice over. 

The latent heat of steatn is said to be ICtOO°. which means that it would 
take J 000 times more heat to raise a pound of water into steam than to 
rai*e it one degree iu temperature, or what is the same thing, the heat re- 
quired to raise a pound of water into steam would raise Uioo pounds nf 
water one degree- From this it appears that it requires about h\ times as 
mach heat to raise any given weight of water into steam as would raise the 
.■vne weight of water from the frecsing to the boiling point. The freezing 
nt is 3a°, and the boiling point 212 , SO that the amount <if difference, 
the number of degrees thr^jugh which the temperature has to be raised 
between the n-eesing and boihng points, is ISO°, and 180° multiplied by i| 
is S)UO, or 1000 nearly. 

S^tecific heat means the quantity of heat contained by one body at a 
given temperature compared with the quantity contained in another body 
at the same temperature. It by no means follows that the same weights of 
different bodies at the same temperature contain the same quantitieis of heat, 
».ny more than that the same bulks of different bodies contain the same 
qoantities of matter, and the specific heat of a body indicates the quantity 
of heal it contains jnst as its specific gravity indicates itsquantily of matter. 
Th#? specific heats of a great number of hoidies have been ascertained and 
arranged in tables just as their specific gravities, and the speeilic heat of 
water is taken as unity. 

A great deal of confusion has been cast over the snbject of specific heat 
by (he accredited definition of latent heat which is said to be the heat ab- 
sorbed by bodies Huring a change of state from solid to liquid, and fVom 
liquid to aeriform, whereas it ought to be the heat absorbed without elevation 
of temperature, whether there be a change of state or not From the want 
of this stipulation, the heat produced by the compression of air, or tbe cold 
need by its dilatation, has been ascribed to a change in the specific heat 
tbe air, while the change of temperature due to a corresponding operation 
the caae of steam is set down as being due to a change in the latent heat. 
WD the cxperimenu of \latt and others, it appears that the sum of tbe 
iMeat lad sensible heats of steam is a constant quantity very nearly ; so 
thjtl when steam is expanded, its latent heat is increased in about the same 
nuio in which its teDi[>erMttire is diniiniihed ; yet as there has been no 
change of state in the case of air, the depression of its temperature dating ex- 



pansion is charged npon its specific heat, althoagh that element is in reality 
guiltless of the transformation. We have thus the anomaly of that being 
reckoned specific heat in one country which is counted latent heat in an- 
other, for the steams of one climate are the gases of a wanner one-, and if 
the same laws respecting latent and specific heat be not suffered to hold in 
the case of air, as in that of steam, tbeconditions of latent and specific hcaU 
resolve themselves into mere questions of latitude and longitude. Ether, 
which exists in the liquid form at the ordinary atmospheric tempe- 
ratures of this country, becomes a permanent gas at tbe equator j and 
many substances which exist in the liquid sutc at Geneva become aeriform 
at the summit of .Mount lUanc j and the only way to escape from the incon- 
sistencies involved by the present doctrines on this subject is either to de- 
pose the steaiiis from the position they now hold and set them upon the same 
ground the airs occupy, or, what, in our judgment is better still, becausi* 
opening a road connecting theory with experiment to accept the definition 
we have indicated. The way in which this connection is to be made we 
shall DOW endeavour to show. 

It may not be known to some of our readers that all bodies are supposed 
to be ballt up of indefinitely small molecules of matter called atoms ; and 
indeed, if it be admitted that there is such a thing as matter at all, it may 
be now taken for granted that it is thus constituted. These atoms are 
never broken up into fragments, but when lK)dies combine, a certain num- 
twr of the atoms of the one mingle with a certain number of the atoms of 
the other, rqwting any excess of either that may be offered beyond the 
proportions proper to the com{>ound, and this is what is imderstood by 
couihining in definite or atomic proportions. Messrs. Dulong and Petit, 
from a number of considerations, have been led to believe that the specific 
heau of bodies are inversely as their atomic weights, or in other words that 
each atom of n body has the same quantity of heat, so that its specific 
heat will be great in the proportion in which the weight of iu atoms ia 
small, and consequently the greater ntmiber of atoms in it. The experimenta, 
however, of these ingenious inqnirers did not bear out this view of the case; 
but the discrepancy arises, in our belief, from the a-^lmission of a certain 
proportion of latent heat as an element of the investigation, go that the heat in- 
dicated, instead of Iteing the true fi|>ecific heat, is a compound quantity 
made lip of latent and .specific heats conjointly. In ascertaining the specific 
heat of iron, for example, the plan adopted was to heat the iron to a certain 
leaifxrature, and plunge it into a vessel of water of which the lem|)erature 
was known, and the rise in the temiwraturc of tbe water was suppc«od to 
indicate tbe specific heat of the metal. But it is obvious that a contraction 
of the iron would take place when plunged in tbe water, the hoiit due to 
which would by its extrication go to increa.se the temperature of the water, 
and thus vitiate the result. If the amount of this heat were to be ascertained, 
and subtracted fVom Ihilong and Petit's results, we have every confidence that 
the numbers obtained would then bear out their very ingenious hypothesis ( 
and which from other considerations has the stronpeit probability (o'support it 
And il'the specific heats of bodies vary inversely as their atomic weights, it is 
plain that they cannot varj- with the temperature, provided beot be im- 
ponderable ( for the weight of a body is made «p of the weight of the atoms 
of which it is composed, and an atom cannot be heavier if the body be not 
heavier itself. If, therefore, the weights of the atoms be unaffected by 
temperature, and a fixed relation exists between the weights of the atoms 
and the specific heats, the specific heats cannot lie affected by temperature 
either, ond the specific heat of a biKly must l>e the same whether it be in tbe 
solid, liquid, or aeriform state, so that tlie specific heal of the same body 
remains unchanged under all its u-ansmutations. This conclusion does 
not correspond exactly with experiment for the specific heat of steam, for 
example, is rated at '347, that of water being I. But there ore very few 
of the experiments on the specific heats of aeriform bt>die«, upon which 
much dependence can be placed ; as the investigation is one of bfinite 
difficulty, from the delicacy required in the mauipulation, and the minute- 
ness of the result that is to be caught 



IIATVIIE or HEAT. 

There are two theories in the field respecting the nature of heat : the 
one reganis it as a material substance, and the other as u mere undulatory 
motion in the molecules of bodies, or in a hip-hly elastic and subtle fluid 
which pervades all space, and which is capable of transmitting vibrations 
As philosophers still differ upon this subject it is not to be supposed that 
we shall per]>lcx ourselves with it, especially as engines will work 
equally well w liatever theory be the correct one. The inquiry, however, 
is not without interest as, if the doubt were resolved, we should ]icrhn|)« 
have such light thrown upon the modes of exciting heat as might greatly 
conduce to economy in steam machinery, and at least we should then be 
able to consirncl furnaces more scientifically. If heat bo a material 
subBlance and not a mere quality of matter, the heat produced by tbe 
combustion of a given quantity of fuel in the intenial furnace of a steam 
boiler must either enter the water, or escape up the chimney, and in this 
case the indication would be to make the combustion very slow, in order 
I that it may be the more perfect ; bnl, if beat be merely a vibriitory motion 
i in the particles of bodies, slow combustion may be carried too far, and it 
I may become then an indication to cause the heat to he ab«orhed as neir 
as possible to tbe spot in which it is excited, for the vibratory motions may 
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Rationale of CimiLustion. 



Wherwite become faint or ■ltog:cther eeoso without producing any adequate 
effect upon tb« water ia the boiler. 

couiTflrnoH. 

Combustion is nothing more than a veliement combination of the con- 
stilncDt* of coal with th« oxyppn of the atmosphere, and which only taken 
place at a hig-h temperature. In all cases of chemical coinbination there is 
a transfer of electricity, and it is essential to combination that the combining 
bodiei shall be in o]ip<>iiite electrical states. The rusting, or, as it is more 
leametlly termed, the oxydation of iron, is caused by the combination of 
the oxy gen of the atmosphere therewith, and is therefore a process ana- 
logous to the combustion of coke or cinders, which might be described as 
the rapid rusting of carbon. 

To ntaintaio this rapidity of osydation, it is indispensable that the air 
be quickly renewed, and hence the necessity in a furnace fur the existence 
of a draught. The atmosphere consists of a mixture of two gases, oxygen 
sod nitrogen or azote, in the proportion of 1 volume of the former to 4 of 
the latter. The specific gravity of oxygen is 1*111, that of air being 
unity ; and the specific gravity of nitrogen is -9722. Coal consists of 
charcofll or carbon uuited with hydrogen and other gases in very variable 
quantity in the different kinds of coal, and intermingled with sulphur and 
other imparities. The mo.it flaming kind of coal is that which contaius 
moat hydrogen, whereu anthracite and coke contain little or none, and 
the earthy matter present in coal takes during combustion the form of 
aahea. lOOOIbs. of splint coal contains, according to Dr. Thomson, 
e^T'Slbs. of coke and 3&S''11m. of volatile matter, while cannel coal 
contains in the same weight only 400lbs of coke, and as much as 600lbs. 
of volatile matter. Cannel coal, however, is not used in furnaces, so that 
we need not consider its peculiarities, nor i« the liplint coal now much used 
for the generation of steam, except in a few situations, for, allhoagh very 
effectaaC it bums quickly away, and is not the ntost economical, ex- 
cept ne«r the places at which it is dug. The Welsh coal appears to be 
the best adapted for the generation of steam with economy, and it consists 
chiefly of carbon, and hat very little hydrogen in it. The combination of 
oxygen with carbon forms carbonic acid, and during the con»ersi<in the gas 
does not undergo any change ofTolume but only iticreascii in di'DKity. 
The ipecitic gravity of carbonic acid is Viil', so that a pound and a half of 
carbonic acid has half a pound of carbon in it, or in other words, every 
pound of coke or Welsh coal requires ntiout two pounds of oxygen for iu 
saturation. But the oxygen is mingled with nitrogi-o, from which it 
cauDot detach itself, aod fur fvrry two pounds of oxygen that entcre into 
combination, seven pounds of nitrogen must pau through the fire, making 
a total of tunc pounds of atmospheric air to every pound of coal, supposing I 
that all the oxygen enters into combination. But ibis is never the case, 
and in the great majority of fires eleven or twelve pounds of atmospheric 
air will be required for the combustion of a siugle pound of coiil, at the I 
lowest computation, and sometimes the quantity much exceeds thisamovmt. 

Smoke is the product of the imperfect combustion of bituminous coal, > 
caused eithrr Inr a want of oxygen or a want of temperature. If analysed, 
it will Ite found to consist of uncombined carbon, carbonic acid and car* 
bonio oxide, aqueous vapour, bituminous vapour, and the other volatile 
nrpdlMta of coal, nitrogen and atmwpheric air, in varying proportions. 
Thai* ia oAen an intermixture, too, of sulphur, ammonia, and probably of 
tynofiUL, In common language, a furnace is said to buru without smoke 
when BO ueonbined carbon » visible at the chimnev : but even in such 
eMca there may be a great waste of combustible material, by the formation 
«f oarhonic oxide in the ftirnace, which may be defined to be invisible 
aaoka^ and vUoh may carry a Urge amotut of carbon, which would otlier- 
wiae iMve been productive of benefit, into the atmoapbere. 

Ftaow may h« defined to be aeriform or gaaeotu matter heated to such 
ftdmrw as to be luminous, and may be produced independent of any chemical 
•hanga, as is shown in the dischar^ of voltaic electricity through an un- 
deoompaHbte gat. When flame u produced in chemical combinutions, 
gaaeona matter ia always the cause of it. In the fiame of solid subktunces 
which owitain carbon, such as coal, wax, &e., three effects are obs<Tvable on 
the applioacioa of beiat. Isl, — Volatilization ; 3nd, Decomposition ; 3rd, 
Ignition. Thus, in the name of a candU- the wax is first volatilised, being 
convened by the beat into vapour ; this vapour by reason of its specific 
levity ascends into the body of the fiome, where it is decomposed, carbon 
b aeparatcd. and that carbon by iu ignition is the chief cause of the light. 
Tliaa the hrillianry of coal gas increases with the quantity of carbon 
flllMriag Into lU compoaitioQ, and tlw flame of the oxy hydrogen blow.pipe, 
when tM bait ia tas owet iatenaa that haa hitherto 'been produced, is 
■Imost ioTisibla, 

If air be admitted to a candle in deficient quantity it will smoke, hcoauie 
the oxygi-n will be moDopoUaed by Die hydrogen of the fiame, and the car- 
bon must then be thrown off in the form of noot If the temperature of the 
flame of a candle be artificially lowered it will smoke, because after vapor- 
itatim and dirotniKHitiuo, nut heal enough is left to effect the ignition of 
iherarlxin. TbuK, if acandle be left with a lonf wick, so much heat is given 
off fWmi it by nultation that the candle smokea. If the (H>int of a pair of 
•anffen or any other cold body be introdoced into the Home, smoke is pro- 
duced by the diminution of temperature ; or if a »mall tin pan containing 
water be held over the flame, the bottom of the pan will soon be covered with 



toot, on account of the heat absorbed by the water. The aanie thing i 
be shown more strikingly by means of a piece of wire ganae j if t 
held in the very base of -the flame, no carbon will be deposited on 
decomposition has not yet commenced there ; if it be held in the mid 
the flame it will soon be covered with soot, on account of its cooling i 
preventing the ignition of the carbon resulting from de<.-ompoaitioa ; btf L 
it be held again at the 3|m?x of the tlame, no carbon will be dctiaait«4, fer 
before (he particles ascend so high, they have been ignited and cwavened 
into carbonic acid by uniting with the oxygen of the atmn«pbere. Thew 
examples will illustrate the action of a common furnace, in which, ifaftff 
the decomposition of the gus in the coal there ceases to W a soAcian 
of oxygen to funu carbonic acid with the carbon of the gas, there miMtla 
a pr(.<du(.'ti'Mi of timoke. when bituminous coal is burned, wbair*^ |hi 
temperature of the furnace may be; for carbon has never yet bcca T^aetia^^ 
or even fused. ' 

When an inflammable gas is mixed with an uninflammable gas ia i 
proportions, the mixture will not take fire, and cannot be exploded 
electric spark. The effect is sLmiUr to what wonld be produced by i 
water with oil, iind the cause of the phenomenon is the same — the ( 
agency of the incombustible substance. Thus the various inconbasiih 
gases have different degrees of power to prevent exploaipn or eonbostMa 
according to their densities, or, in other words, according to their cooUm 
powers. The efilcaey of carbonic acid and nitrogen, and of the sarfteet ic 
small tubes, or of the wire gauxe of the safety lamp, in preventiag \t\kt 
siotts in coal mines, arises from the refrigeration accompliahedbgr tbvc 
substances upon the exploding mixture, so that the temperature iaooioapr 
sufficient for its continuous indammation. fiy mixing one part of earteak 
acid with seven parts of an explosive mixture of carbareu«d hydftigeB aaJ 
atmospheric air, or one part of nitrogen with six parts at the comaoo aoi^ 
spheric temperatures, the explosive powers of the mixture are dasOvjiA 
At the high temperature of a furnace the gases not concerned ineombwda 
will have less power in preventbg that operation : and it is fbvad that 
steam and vapours which require a considerable heat for their IbnBatida 
will have less effect in preventing combustion than gases at the ca a mta 
heat of the atmosphere. It requires a very large quantity of steam to pre- 
vent sulphur from burning. Oxvgen and hydrogen exphide by theeTaeitv 
spark when mixed with fiveiiniLS their bulk of steam ; and cren a ■»i«t^^ 
of air and carburctted hydrogen, the Itast explosive of all mixtures, rmaira 
a third of steam to prevent its infiammation. 

By an experunenl of Rumford's, it appears that all bodies, whatever the 
activity of their inflummatioo may be, may be extinguished hj eooti^ 
agency. Even the explosion of gunpowder may be thus arrested, and a bi> 
cinient inflamroaiioQ be cxtingaished by directing on it a strong Ma 
When we blow out a candle, we are indebted to the cooling agrB 
h\tM of air for the success of tlie operation. A very simple and 
illunration of the effect of cold in extiuguishiog flame may here be i 
and is OS follows: — I^t the stnallesC possible flame be made by a 
thread of cotton immersed in oil; it will be found to be about one thirtiiiik 
of an inch in diameter. Let a fine iron wire of one one hondrcdMi 
eightieth be made into a circle of one tenth of an inch in dii 
brought over the lliime. Though at such a distance, it will 
tingui«h it if ctVJ: but if it be held over the flame so as to be 
heated, the flame may be passed through it That the effect dependfi 
tireiy upon the power of the metal to abstract the heat of tnie fla 
is shown by bringing a glass capillary ring of the same diameter ori 
sixe over the flame. This being a much worse conductor nf heat, irill art 
extinguish it even wTten eM. If its sice, however, be made rmtn, sai 
its circumference smaller, it will act tike the nietaliic wire, and l«<qair* Is 
be heuttrd to prevent it frtitu extiiiguishiog the flume. Another aiiulir 
experiment may be made by bringing a small metallic ball n^mt s vtiT 
snuill flame. If the ball be cold, or even if it be red hot. it will vxtiagaM 
the flame, but if brought to a state <if ignition, it will then cease to ptadete 
the efffct. 

Different degrees of heat inflame the different combuatible gasM re> 
suiting from the dislillatiou of coal. Curburetted h}dr«>^ru tnixid witk 
air is not ignited by well hnmcd charcoal ignited to ih« strnagest tvi 
heat. Indeed, a fire made of well burned chttrcool. that is, cbarecal tttf 
will burn without flame, may be blown up to whiteness by ao explMit* 
mixture consisting of air and carburetted hydrogen. An iron rtid al ft* 
highest degree of re<] heat, and at the common degree of whit<- b<-at, wS 
not inflame such a mixture, but when in brilliant combust!" r.^ocf 

the effect. The flame of carbonic oxide will inflame an • intr* 

of air and carburetted hydrogen. Olefiant gas and caiU>nM «.ixidr aa^ 
both be inflamed by iron heated lo redness or by charcoal ; and hjdnifn 
which explodes when mixed with three sevenths of its Tolime of i ' 
takes fire at the lowest visible heat of iron and charcoal, and the 
the same with sulphuretted hydrogen. Atmospherical air, when very i 
siderably rarefied, is rendered unfit for supporting combustion. This i 
was known to the earlier experiineoiers upon the Boyloaii vactMUB. 
the subject remained involved in considerable obscurity until 
by Sir IL Davy. Me has shown that flame ceases in rairefied air, aetliVB 
a want of nourishment, but from want of heat, and that if its tempefirta* 
could be preserved by some supplementary aid it might be kept boraia^ 
It is not. however, by the some degree of rarefaction of atr that dV 
combustioa of all bodies is suspended, for, as might notBrally be suHasa^li 
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thcae wlilch require least heat for their combustion burn in more rtrefied 
air than tbcwe which reqiiin; a higher t«mporature ; and again, those that 
prodace much heat by their combuation burn !d iuor« nirefied air thuntlioM; 
which evolve little heat. The foltowing table shows the degrees of nrv 
Action of common air at which the combustioa of some iaflaiuniable bodies 
ceases, both with and without the appendage of a coil of platinum wire. 



Olefiont gna ceases to bum in air rarefied 
Carburettcd hydrogen - - - - 

<.'arbonic oxide 

Alcohol "I 

y\ax taper J 

Sulphui-etted hydrogen ... 

Siilpbur ...... 

PhufpboruB . . - . - 



without 
PUUiium. 



5 to 6 

7 
15 to SO 
60 



With 
Ptaclnnm. 
11 to 12 times 

4 — 

6 — 

7to8 ~ 



By preserving heat in mrefied air the inflammation of bodies may be 
coQiinued, when under other circumstances it would have been extinguished. 
Thus when camphor i^ burned in a glass tube, so ai to make the upper 
part of the tube red hot, the inflammation cmtinaes even when the rare- 
faction is nine times ; whereas it will only continue in air rarefied six 
limes when the camphor is burned in a thick metallic tube, which cannot 
\xe considerably healed by it. The mechanical condensation of air does 
not adapt it for supporting a more vivid combustion. If air be condensed 
five times wid then iron wire be ignited to whiteness within it by the 
voltaic apparatus, the combustioa will go on with very little more bright- 
tiess than in the common atmosphere, and will not contlntie, as in oxygen. 
Charcoal, again, will not bum much more brtghtly in this compressed air 
than in common air ; and indeed the whole of oor experience goes to 
»how that Gompreuion of the air does not increase the vchemeuee of 
combostioD, provided always the air be kept stationary and be not used as 
m bhut. 

From the experimenu of Dcspreti* it docs not appear that the quantity 
of heat given out by charcoal during combustion is greater nr k>»s in 
candense<l oxygen gas than in gas of the common density ; and be is of 
opinion that the same nniformity would be found to obtain in the cum- 
btution of sulphur and other bodies which burn in oxygen without a change 
of volume. 

If we knew the precise nature and quantity of the combustible matters 
io smoke, and the temperature of the smoke as it emerges from the furnace, 
we could, by a very simple calculation, tell what would be the amount of 
advantage or disadvantage resulting' fVom the admission of a sufficiency of 
air to perfect the combustion, !iupp<.>.<iiDg the cooling agency of the boiler to 
be abM>nt. But in all practicat coses, this is a quantity which must he con- 
aidered, the combnction of smoke being of diminished importance when the 
heat generated is not absorbed by the boiler -, and when the heat is so ab- 
sorbed, the effect is to extiaguish the flame, in a way similar to that in 
which the ring of wire operated on the small flame of a lamp in one of the 
experiments we have recited. If the flame resulting from the combuatioo 
of the imokc does not act upon the boiler, no calorific effect can of course 
be obtained from it, and there will be an increased consumption of fuel. 
Wlien it does impinge uptm the boili^r, there is a danger that the cooling 
agency of the boiler, when conjoined with that of the nitrogen, carbonic 
acid, Bad cold air, will to diminish the tempentore that the flame will be 
extinguished. 

It has been already mentioned that one part of nitn^gcn, when mixed with 
uz parts of an explosive mixture of carburettcd hydrogen, or one part of 
carbonic acid with seven parts, destroys at common temperatures, the com- 
bustibility of the mixture. The!>e proportions will of course be very much 
altered at the temperature at which smoke emerges from a i^imace ; but 
even in that case, the temperature of the smoke is so much beneath that of 
Tisible flame, that the effect of the nitrogen and carbonic acid will neces- 
tarily exert a powerfid influence : and the difficulty of consuming or 
obviating smoke is greatly increased, or rather, we should say, alto- 
gether caused, by the presence of these gases. The combustion of smoke, 
however, is by no means impossible, notwithstanding these impediments, 
and in large towns the smoke nuisance has risen to so intolerable a pitch 
that its suppreuion we look upon as being now inevitable. During the last 
year a parliamentary committee has carefully investigated the means by 
which smoke may be done away, and has recomtnended that a bill he 
brought into parliament for the suppression of the nuisance. In this re- 
eoaunendation we cordially concur ; for there is nothing of which we are 
mOK ooefident than that mauufacturvrs and others would very quickly find 
eat means of obviating the smoke emitted by their factories if it were made 
penal to produce any. Of the prevention of smoke in the case of house fires 
we lire by no means equally axnguine ; and indeed the expense of new 
grates or other machinery in all the fire-places of a great city would be a 
aerious barrier to the introduction of such an improvement, even if it were 
known to be feasible. But in the case of fumaees, and other close fires, 
we have no soch doubts : and as the qoestkm of smoke-prevention forms 
not only a part of the genera) subject we have undertaken to discuss, but 
it of great mterest at Um present moment to almost every member of the 
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community, we shall here introduce such remarks upon the subject as, 
without leading us into any practical details, will indicate some of the 
modes in which the desired innovation may be accomplished. 

The whole of the smoke-burning furnaces that have been hitherto pro- 
jected may be classed roughly under two general beads. In the one the 
smoke is burned by passing through, over, and among the burning fuel ; and 
in the other it i» consumed by the adnuMJon of a stream n^ air at the 
bridge, or in some other part, to mix with and consume the smoke af^er it 
has lel\ the fire. It is necessary, indeed, in all cases of the conibustioo ot 
smoke, that air should be present ; for carbon, by wliich the colour of 
smoke is imparted, cannot be fused or dLssi|>ated in any woy within a furnace 
without oxygen ; but in some cases the oxygen already mixed with the 
smoke is sufficient for its combustion ; and all that is wanted in »uch a 
case is its subjection to an elevated temperature. Pnpin proposed to con- 
sume smoke by causing the draught to pass down throaah a fire, and this 
draught might be maintained by means of his cylindrical blower or dm. 
This scheme was in part revived by Franklin, who contrived a store for 
burning its own smoke in which the air descended through the fucL Watt 
employed in his early trials a hopper through which a currvnt of air was 
solicited to descend j but he found this difiBcult to manage, in consequence 
of the caking of the coal ; and he in consequence relinquished the plan 
in favour of a dead pUwe at the mouth of the furnace, which when con- 
joined with a slow combustion and careful firing, is found to be very 
efiectuaL The raw coal is first placed up<m this dead plate, upon its intri<- 
duction to the furnace ; and tho smoke and gases proceeding from the coal 
on the application of heat are consumed in passing oxer the incandescent 
fuel. La some cases, air is admitted at the furnace door, and in other eases 
not, thealtemative being contingent upon the rapidity of the draught and the 
thickness of the stratum of fUel maintained on the fire bars ; for when the 
draught ts quick nnd the fire thin, enough uneombined oxygen will esi\-tpe 
up through the fuel to accomplish the inflammation of the combnstjble 
parts of the smoke. The coal in this plan has to be pushed back from the 
dead plate into the active part of the furnace as soon as its gases have been 
expelled : an operation attended with more trouble than the ordinary 
method of firing, and therefore very generally neglected. 

The method of admitting air, either at the bridge or in some situation 
beyond it, in order to accomplish the combustion of the smoke, is, in the 
case of furnaces onprovided with any feeding mechanism, attended wiih 
the very obvious objection that it is a thing impossible duly to apportion 
the admission of the air to the varying wants of the fire ; so that there will 
generallly be either too little air gaining admittance, or H>o much — in the 
latter case not merely interfering with the combustion of the smoke, but 
seriously cooling the Iwiler. ^Vlth very careful aud scientific firing, indeed, 
such as an experiment may obtain, the smoke is found to \k very effectually 
obviated by the- admission of air, and a saving in fuel to the extent of 12 
or 14 per cent may be realised : but under the average circumstances of 
firing there is no gain by the admission of air, but rather a lu»s ; and the 
plan, therefore, though often revived, and sometimes uuder very imposiag 
names, by successive projectors, has never been brought into extended 
practice. It is only in cases where self-acting fire-fecdcrs are employed, 
that the plan of burning smoke by an admiasion of air into the flue is at 
all applicable ; for there the production of smoke being nearly uuiforra, the 
air orifice may be odjusted with much nicety to its requirements, and needs 
no sulxiequent alteration. Even under this modification, however, we do 
not look upon the plan for consuming smoke by admitting air at the bridge 
or in the flues as tlic best that is avaiUble ; and the addition of fire-feeding 
mechanisms would be s heavy expense as a preliminary condition, and 
could not be applied to existing boilers in all case& 

We reserve for the practical part of this treatise any thing that we may 
have to say respecting the merits of the rival smoke-burning schemes that 
have latterly contended with one another for the countenance of the public ; 
but we would here desire to explain, that the method by which the nuisance 
of smoke might in the most difficult cases, as in steam-vessels, be most 
essily and effectually obviated, lies, in our apprehension, in leading the 
smokewithnut any new intermixture through a perforated fire-brick bnd^ 
which would answer very nearly the same pnr^wsc as a second fire. This 
bridge, however, to be effectual, would require to be of acoDsiderahle length, 
and should have several breaks in it, so as to agitate the smoke in its pas. 
sage ; but at the same time it should be so made as to be capable of being 
easily cleared, for a crust of ashes will be found to form upon the fire-brirk 
surface, which will require to be swept away occasionally. The depth of 
fire npon the bars, and the intensity of the draught, must of eonrse be m 
regulated, that air enough will ascend through the fire to sccompUsh the 
combustion of the smoke, and it is important that the fire be fed often and 
in small quantities at a time. But if the smoke be agitated when in a hot 
state and at the same time the ordinary excess of oxygen be present, the car- 
bonaceous portion of the smoke will be burned very effectually. Furnaces 
will generally cease to smoke when a very bod back-draught comes u^nm 
them, as the agitation of the air in that case facilitates the cuuibinaiion of 
the combustible parts of the smoke, with its iuteriuingU-d ox,\Keii , and in 
an air furnace for melting iron, where the smoke is deflected down upon 
the hot metal, all appearance of carbon ceases when the furnace has reached 
an elevated temperature. Nor is this owing, in the cases to which we 
allude, to the formation of carbonic oxide, but arises merely from the com- 
bastion of the smoke in ooBseqoence of the agitation it undergoes on the £Lune 
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TKrd, and th« high Innperatare to which it i« labjected. It would no doubt 
greatly facilitate the burning of smoke in fiiniacM generally if the heat 
w«re prevented froni entering the water of the boiler by a ftre-brick casing, 
or Mine other tucb nieaois until after the nnoke had been consumed, for 
the temperature thus retained would much facilitate combustion. Bat it 
i« not certain timt a lou of effect would not result from thia ianovacion, 
though if the heat producible by a unit of coal he a constant quantity, and 
cannot cease to exin without producing a correaponding effect upon other 
hodica, if u difficult to see in what way a loss of effect is possible. In 
that case any heat the coal produced would necessarily enter the water if 
it did not escape at the chimney, and if Ims heat Mere communicated by 
the furnace, a proportionably greater amount would be communicuted by 
the flues; but the subject is involved iu ton much obscurity to give wurth 
to any bypothe»i«. and we have as yet no experiments upon this point that 
are adequate to resolve our doubts. 

A good deal of interest has been at various times excited by the peculiar 
formation of the Cornish boiler ; one property of which is, that it generatci 
steam with very Utile smoke, as well as with considerable economy of fuel. 
This result is usually attributed to slow combustion ; and certainly a most 
important thing in the design of any measoresfor the combuMion of smoke 
ia to give as much time as can he i^orded for accomplishing the combiua- 
tion, as well as to make the intermingled gases as homogeneous us possible. 
A large part of the smokeless virtue of the Cornish boilers, however, is to 
ht attributed to the nature of the coal usually employed there, which con- 
tains very little hydroKen ; and consequently only a small proportion of 
that bituminous material out of which smoke is formed. These circum- 
■tanees, whatever be their several values, certainly, when taken together, 
go to prodac« a very satisfactory result -, and in boilers <i[K.'niting on the 
CorDuh plan, and with the Cornish, or rather the Welsh fuel, an almost 
inappreciable quantity of smoke is generated. Several of these boilen have 
of lat« yean been set op in I/mdon. and furnish certainlv a strange contrast 
to the vehement smoking of the ordinary metropolitan fires. Of these the 
boilers employed lor dri vmg the machinery of Mr. Thomas Cnbitt's factory , 
at Vanxhall iiridi^;, has probably attracted the most attention ; and no 
one. indeed, looking to the small quantity of smoke which escapes from that 
monumental chimney, could imagine that there was a boiler of any kind in 
that situation. The neee«ity of using Welsh coal, however, to pi^uce 
this residt, is certainly an objection in the case of London furnaces, (or 
Welch is dearer than ^{ewcastle coal in the metropolit ; yet this extra ex- 
iiense is but a small consideration when put against the inconvenience and 
insalubrity caused by smoke in large cities, and it should, we think, be 
made imperative t)mt those who do not feel disposed to dispatch their smoke 
by any other method should use the Welsh or some other «mokel<?» coal, 
•o that they may oeue to be with impunity manufacturers of a nuisance. 
The greatest manufactnnrrs of smoke, however, in Ivondon, are the brewers, 
dlstiller», and chemical man n fact arers, to whose operations the expedients 
of the Cornish boiler will probably not apply. Uut there will very soon be 
discovered exprdiciits that will appiv in every case if the production of 
smoke be only made punishable. Those who crv out the most loudly 
■fCaiDst the hardship of being compelled to extingnish a nuisAnce which u 
not known to be susceptible of abatement, are in most cases oooscious all 
tha vhil* that the prevention of smoke is possible, though it at ilrst might 
be •tttfnded with some trouble, and they will he very quick in flndiog a 
ftmtAr when tbsir works an prohibited against going on upon any other 



TKK nwrKLsTTrnc awd SLAflnc roues or steaii. 

Steam, as all our readers know, is an elastic fluid generated fh>m mtfir 
by the ap|>lvcation of heat. It is, in ft»ct, water in a high state of rarefhc- 
tion. or so imprepiated with caloric, or the matter of heal, as to assume 
the state of an ai riforro or elastic fluid. When steam is confined in a 

«lo4« »«»ael in < " '■•'' "^ ■«ater that prodoces it, the effort by which 

k Mkteavoen < "d enlarge its volume, or to separate the 

pant of the Tf It and set itwif f^ce, is called the etairtk: 

farrt of steam. In estimating the mechanical action of steam, the intensity 
»^ its elastic force must be referred to some known standard measure, such 
■s the pressure which it excns agaicun a sijuare inch of the surface that 
contains it. usually reckoned by so many |ioiinds avoirdupois upon the 
a<jn.i- Th.' intMisity of the elastic force is also estimated by the 

inc <>i itf a nrtical eolunn of mercury, whose weight is equal 

to i!i , I xenM by the stewa on % surface equal In the base of the 

merrnnai column. It mav also be estimated by the height of a vertical 
colomo of water meaannra in feet : or generally, the elastic force of any 
fluid nay be eonparad with that of atmnapheric air when in its a«aal 
atate of temperamrv and deaahjr : this ia equal to a column of mercury 30 
toehsa or «^ fVet ia Iwight 

Wka tM tvmpcraton of atiMun it iaoreBae44 reapeet being had to its 
density, tH" .i—nr f„f,-», nr tke effort to aeoMVte the paru of the con- 
taining N 1 Urger space, is aUo increased ; and when the 
tem[>erai 1 I, a corresponding and proportionate diminuiion 
takes place in iht- liiUiiMtv of the emancipating eflbrt or clastic power. It 
(vinwH)n«fitly fotloKs that there must he s»me law or principle connecting 
of steam villi to ciaidetevei and an intimate ac<]aaiut- 



ance with this law, in so fir as it it known, most be of the grvatest ia> 
portance in all onr researches respecting the theory and the niechsoieal 
operations of the *Uam cni^xnit. The precise fonn of the expresazun wkxh 
expounds the true matliematical law or principle of elasticity, has ne«cy 
yet been rigorously ascertained, but recent investigations have put ns ia 
possession of numerous empirical forms, by which the resnlls of serenl 
classes of very delicate and valuable esijeriments are represented with a 
sufficient degree of exactitude to answer all the demands of practice. Thcas 
forms we mean to compare with one another, in onkr to dedaee aa 
expression that may best represent the average results obtained, aitd 
may at the same time be easily applicable to the uses of the pniRia|J 
engineer. 

It is not our intention, however, nor would it be consistent with the \^ 
of our performance, to trace the steps of investigation by which these auiliW 
tudinous formnla! have been elicitt'd ; hut we may state that the general mode 
of procedure is by reference to a curve of such a tkature, that the co-«adi- 
nates are respectively indicated by the temperature of the steam, and the 
corre8p<mding ehLdic force. This curve will be v«nously expounded i 
according to the manner in which it is considered, but in every case, th« 
exponent expressing the order or degree of the curve, is that « h«h , 
indicates the Uw of claiiticity, and is that only wboce value can be exprwaad 
by a legitimate formula. The other consianu or coefficients by which the 
eqnatioDs are affected, having their values depending un some gl tluiluua 
conditions, are beyond the powers of a direct analysis, aixl are, therdbn^ 
only deducible by some indirect process of approximation or triid and erm, 
a mode of procedure of^en resorted to by analysts in reducing i rjiri stiwii 
of a complex and intricate character. But notwithstanding that it is 
foreign tu our plan to enter into long and elaborate diaseitatioaa rt<pwfin| 
the dilatation and compressiAi of elaetio flnids, we shonld yet "Vr^n oar 
Isbours as being very imperfect, did we not, in one iostanee at kwsl. la| 
before our readers the method of detecting the law of ehistieity; and ia 
order that the process may be the more easily understood, we shall p(*< 
viously resolve iho following funy elegant and useful problem . — Tofiuda 
theorem, by meruu of which it may be atctriaintd vhen a gaurtU lam »jiM*, 
iimd to iletcrmint what that law it, in cases what it M Aiioifln to 0&<ut>. 

Sappose, for example, that it is required to assign the nature of the Isw 
that mbnsts between the temperature of steam and itji ela.^iic fiirre. on thr| 
■apposition that the elasticity is proportional to some p<)«er of the tempvr* 
aturr, and unaffected hy any other constant or coefficient, except th« 
exponent by which the law is indicated. Let E and e be any two valius r/ 
the elasticity, and T, t, the corresfmnding temperatures dcdnccd fma 
observation. It is proposed to iiscertain the powers of T and (, to whi^ 
E and c art" respectively proportional. Let n denote the index cv es* 
poncnt of the rv<)uired power; then by the c<mditions nf the [aiililiM 
admitting that a law exists, we get, T' : C ::£:«; hoi l^ tlM plilk>, 

r « 

ciples of proportion, it is^^g; and if this be cxpratted 

cally, it it IT x log.hs » log.^, and by reducing the equation ia respeet <d 
n, it finally hvcomet 

lof.r-lo^ E 
""log. t-: log. T 

The theorem that we have here obtained is in its form sufliciently 
simple for pnicticsl application ; it is of fre<juent occurrence in phi '^^*" 
science, bat especially so in iD<|uiries re»]>eeling the motion of bodies i 
in air and other resisting media ; and it is even applicable to the del 
ation of the phmetary motions themselves. The process indicated hy 
tbe case that we have chosen, is simply, To ditide tAr dijTrrme* tf im\ 
hffarilhtu of the tltuticitia hy the difference of the logorithmt of Cle 
tpomding temperahirfa, ami the (juolitni will exprett that power ti/th»tM 
ture to which the elatticity is proptirtional. 

Take as an example the following data: — In two expTinietits eondoeied 
by Mr. Southern, with his customary attention to accuracy, it was foond 
that when the temperature of steam was SSV)-,s and .S43'€ degrees of Fahrvn- 
heit's scale, the corresponding elastic forces were 59-6 and 238^4 inchn c4| 
the mercurial column respectively. From these data it ia reqaind l» ( 
determine the law which connects the temperature with the elastic fbrM } 
on the supposition that a law does actually exist under the tpcoifled caa> 
ditiont. The process by the rule is at follows : — 



Greater temperatare, 343-$ 
Lesser tempcntore, 860-3 

Remainder • . • 

Greater elastic force, S.')S'4 
Leaser eListio force, A9-6 - 

Remainder • • • 



log. 9&3SM4I 
log. a'39fl4< 



= 0-13« 



log. S*37: 
log. ITT. 

• -0'( 
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Let the second of th«€ reiniuDden be divided by the fir«t as directed in 
tbe rule, snd we g«t w» 6020600-5-1368333 = 4"3998, ihe exponent sought. 
Consequently, hy taking the neartrst unit for the sake of simplicity, we 
tball have, acoor^g to thi$ result, the following analog}, viz. 

ibat is, the elasticities are proportional to the 4.4 power of the tempera- 
tures rery nearly. 

Now this law is rigoroiisly correct as applivd to the particular eases that 
ishedit: for if the two temperatures and one elasticity be given, the 
%ther elasticity will be found as iudicaled hy the atiove analogy ; or if the 
two elasticities and one temperature be given, the other temperature will Iw 
found by a similar process. It by no means follows, however, that the 
principle is general, nor could we venture to afGrm that the exponent here 
obtained will accurately represent the result of any other experiments ibao 
those ftvtn which it is deduced, whether the teinporaiure bii higher or 
lowi-r than that of boiling waler; but this we learn from it, that the index 
vbich represents ihe law of elasticity is of a very high order, and lliat the 
gmeni equation, whatever its fonn may be, must involve other condition's 
than those which we have assumed in the foregoing investigation. The 
theorem, however, is valoabic to practical men, not only as being applicable 
to numerous other branches of mechanical inquiry, but as leading directly 
to Ihe methods by which some of the best rules have been obtained for 
calculating the elasticity of steam, when in contact with the liquid from 
which it is generated. 

We now proceed to apply our formula to the determinatioo of a general 
Uw. or such as will nearly represent the class of experiments on which it 
reals ; and for this purpose we must first assign the limits, and then inquire 
under what conditions the limitations take place, for by these limitations we 

tut in a great measure be guided in determining the oltimate form of the 

nation which represents the law of elasticity. 

The limits of elasticity will be readily assigned from the following con- 
siderttions. viz.: in the first place it is obvious that steam cannot exist 
when the cohesive attraction of the particles is of greater intensity than tbe 
repulsive energy of the caloric or matter of heat interpKised between them ; 
for in this case, the change fVum an elastic fluid to a solid may take place 
without passing through the intermediate stage of liquidity ; hence we infer 
that there must be a temperature at which the elastic force is nothing, and 
this temperature, whatever may be its value, corresponds to the lower limit 
of elasiicity. The higher limit will be discovered by similar considerations, 
for ir mu5t take phice when the density of steam is the same as that of 
water, which therefore depends on the tnoilulut of rlaaticity of water.* 
Tbtis, for instance, suppose a given quantity of water to be confined in a 
close vessel which it exactly fills, And let it be exi^osed to B high degree of 
(emperntare. then it is obvious that in this state no steam would be 
produced, and the force which is exerted to separate the ports of the vessel 
18 simply the expansive force of com prened water; we therefore have the 
following proportion. As the expanded volume of water is to the quantity 
of expansion, so is the modnliu of elasticity of water to the elastic force of 
steam of tbe same density as water. 

Having therefore assigned the limits beyond which the elastic force of 
•te*m cannot reach, we shall now proceed to apply the principle of our 
formula to the determination of the general law which connects the tem- 
perature with the elastic force; and for this purpose, in addition to the 
notation which we have already laid down, let c denote some constant 
quantity that affects the elasiicity, and d the temperature at which the 
elasticity vanishes ; then since this temperature must be applied subtractively, 
we have from the foregoing principle. cE«=(T — 8)", and ce={t — 8)*. From 
vtiher of these equations, thiTefore, the constant quantity c can be deter- 

fT — jy 
mined in terms of the rest when they ore known ; thus we have c-> ^ — p— ^ * 

and c " "" , and by comparing these two independent values of c, the 

value of a becomes known ; for — s-^"^ ~ . and consequently 

u e 



log. e— log. E 



(A). 



log.(r-a)-iog.(T-») • 

In this equation the value of the sj-robol 8 is unknown ; in order therefore 

I determine it, we must have another independent expression for the value 

of n ; and in order to this, let the elasticities E and e, become E' and «' 

respectively, while the corresponding temperatures T and t assume the 



values T' and t ; then by a similar process to the above, we get - 



<r-«) 



, and 



log e'- log, E' 



(B). 



log.(<-«)_log.(T'-S) 
Let tbe equations (A) and (B) be compared with each other, and we 
": then have an expression involving only the unknown quantity 8, for 

• Tb« RKKlnlni or^lMtlrttv of snv •utwtwicc U tbe msawira of If* elutlc force ; that ct 
Mar at tXP ot Icnpcralur* u BilOO atiiMMpfaoref . 
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it must be understood that the several temperatures with their corre- 
sponding elasticities are to be deiluced from expvrinienl ; and in conK— 
tiiience, the law that we derive from them must be strictly empirical ; thus 
we have 



(C). 



log.e — log. E _ logs' — log. E' 

iog.c*-5)-To7Tf38) - i;;f(r^iji^<^cfns) 

We have no direct method of reducing expressions of this sort, and tbe 
nsual process is therefore by approximation, or by the rule of trial and 
error, and it is in this way that the value of the quantity 8 must be fonud; 
and for the purpose of performing the rednciion, we shall select four of 
Mr. Southern's experiment.^, vhich in a letter to Mr. Watt he describes as 
having been performed with gruat care, an<l may coo-sequenily be con- 
sidered as representing the law of elasticity with very great nicety. They 
are as follows: — 

T > 2 1 2 -0° Fahrenheit E » 29-8 inches of mercury. 

* = 25(V3 e= 59-6 

T =2!*3-4 E'-llfl-a 

r- 343-6 «'= 238-4 

Therefore, by substituting these numbers in equation (C), and making a 
few trials, we find that 8 = — 60°, and substituting this in either of the equa- 
tions (A) or (B), we get fi-=5-0d ; and finally, by substituting these values 
of 8 and n in either of the expressions for the constant quantity r, we get 
f = 6-1074730000, tbe 5-08 root of which is 134-27 very nearly: hence 
vfe have 



'^-^M.^ 



.(D). 



134-27 j 

Where the symbol F denotes generally the elastic force of the steam in 
inches of mercury, and / tbe corresponding temperature in degrees of Fah- 
renheit's thermometer. The logarit&iu of the denominator of the fraction 
is 2127!)717, which may be oK-d as a constant in calculating the elastic 
force corresponding to ony given temperature. We have thus discovercl 
a rule of a very simple form, by which the results of Mr. .Southern's ex- 
periments are represented with considerable accuracy; the rule errs in 
defect ; but this might have been remedied by assuming two ^>oints near 
one extremity of the range of experiment, and two points near the other 
extremity ; and by sabatituting the observed numbers in equation (C), 
different constants and a more correct exponent would accordingly have 
been obtoioed. Mr. Southern bos, by pursuing a method somewhat ana- 
logous to that which is here described, found his expcrmients to be very 
nearly represented by 

rf+51-3-.»" 
1 135-767 J 

But even here the formula errs in defect, for he has found it necessary 
to correct it by adding tbe arbitrary decimal O'l ; and thus modified, it 
becomes 

^-{lll]?:}""-' • ■ • ■<^'- 

Our own formula may also be corrected by the spplicatinn nf some 
arbitrary constant of greater magnitude ; bat as our motive for tracing tha 
steps of investigation in the foregoing case was to exemplify the method 
of determininR the law of elasticity, our end is answered ; fbr we oousider it 
a very unsatisfactory thing merely to be pot in possession of a formula 
purporting to be applicabk to some particular purpose, without at the soma 
time being put in possession of the method by which that formola was 
obtained, and the principles on which it rests. Having thus exhibited tbe 
principles and the method of reduction, the reader will have greater con- 
fidence as regards the consistency of the processes that he may be called 
upon to perform. The operation implied by equation (E) may be ex- 
pressed in words as follows : — 

RU1.S. To the ffiven temperature in dnren nf Fahmhrift ihrrmtmeler add 
5l*3 deyrecg and Jicitle the mm bij 135-767 ; to the 5-l3 ptmer qf the 
ipiolieiti add ike cvtutunt /ruction y,, iind the nim will ot tkt tkutit 
force in inchej of mercury. 

Tbe process here described is that which is perfbrmed by the mies of 
common arithmetic ; but since the index is affected by a fraction, it is 
difficult to jiertorm in that way : we must therefore have rveoursc to 
logarithms as the only means of avoiding the diffictilcy. The rule adapted 
to these numbers is as follows : — 

Rtn.E FOR LOOiMTHMS. To the given trmjirrahtrc in degree* of Fahrmheifi 
thermometer add 51 3 dtyret* ; then, from the Imjarithm of the sum Mulflraet 
2-1327940 or the logarithm of 135-767, Ihe denominator of the fruiliiiH ; 
multiply the remainder ty the index 5*13. and to the natunil nunl>rr 
answering to the ttem add the eonttant fraction |^ ; the «um wdl be the 
eliutic force in inchet of mercury. 

Example. If the temperattire of steam be 2503 degrees as indicated by 
Fahrenheit's thermometer, what is tbe corresponding clastic force in inches 
of mercury ? 
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By th« rule h U 250-3 + 51 -S' 
flonattnt den. < 



>301-6 log. 9-4794313 

• 135767 log. 2- 1.127040 subtract 



reinaiiider«> 0-34<>i>373 

31-5 inverted 



17.131865 
34<>637 
lO-lifJl 



natanl nnmbcT 60-013 log. l-77f34'J3 
If Ihii be increased by /,, we get 60 113 inches of mercury for the elastic 
forc« of cteam «t 3503 di'io^ees of Fahrenheit. Oar own fomiul* gires 
58-6 inches, beinR one of the points employed in its derivation ; we how- 
ever bv no menns advite the application of this formula, we only state the 
circum'stanfe as a proof of the soundness of the principle on which it is 
fonnde-l ; and if we had adopted the same points in the range of experiment 
that Mr. Soulhero employed, it is more than probable that we should have 
obtained th« nnw recnit, which would have been a convincing proof that 
be pur<ued a method analoirous to our own, m circumstance that is im- 
mediaiely inferred from the fonu of the equation itself 

By limply reversing the process or transposing equation (E). the tem- 
perature corrt-iiponding to any giTen clastic force can easily be found ; the 
transformed expression is as follows, Tit., 

f = 135-767 (F-0-l)»^-5l-3 . . . .(F). 
.Since, is conscjurncc of the complicated index, the process of calculation 
cannot easily be performed by common arithmetic, it is needless to give a 
rule for reducing the equation in that way ; we shall therefore at once gire 
the rule for performing the process by logarithms. 

RrtF., Fmm tht 'jirm elatlic force m inchet of mercury mbbract tht (vnttant 
tniclum u-| ; dwiiU Out htgartthm of tht remainder b>t il.'l, aHd to the 
•/uiilient odd the loqanlhm 'i'l .'l'JT94it i Jixd the Hutunti nnmltcr answering 
to th* turn of the fogurifhm*, and fmm tht number tkut found tubtraet the 
coHttunI 5l.3,aj«</ (A* rtmaimler toiU be the Itmptrttturt mm/kt. 

EritmfJ(. Supposing the eliutie force of steam or the Taponr of water to 
be c'^uiTalcnl to the weight of a vertical column of mercury, the height of 
which is i",fi-4 inches; what is the corretponding tempentnre in degree* 
of Fahrenhi'it's thermometer ? 

Here, by proceeding as directed in the ml*, vehiiTe M8'4— O-I »238'.\ 
and dividing the logarithm of this remainder by the constant exponent 
ft' 13, we get 

l.»|i. 2.1S-34-513 - a-977 1840+5-13 -0-46.^*770 

constant coefficient -135-767 - - log, 2l3a71>40 add 



natnml number 
eoostant temperature 



■>3»4-6I - - 
- 5 1 -3 subtract 



log. 2-5961710 nun 



faqoind tsmperature — 343-31 degrees of Fahrenheit's thermometer. 

Tbe temperature by observation is 3436 degrees, giving a difference of 
only ci-2t> of a dcKree in defect, being as small an error as can well he ex- 
pected when a computed result is compared with another deduced ft<om 
t-Kpertmrnt. These two examples, and the rules br which the solutions 
an* effertisl. will suffice to show the application of Mr. Southern's princi- 
ples to ihiT delermination of the elastic n>rce of steam when the temperature 
n givn, and alio the tenpentoic when the eiaetio foroe is given. For 
|«« ifperatara or lov pMMan ctMia, that it, •team not exeeedtag 
llw aiBiple pre«sitr* of tne atnaspbere. this ftinnola aa modifled by 
TlHlkottr aitrve* v«ry nearly with the results of exporimrnt, and when 
K—tfum eit into the aieasures generally used in practical inquiries, it 



p^(f04US * 



.51-3 Y** 
i-7256/ 



.(O). 



In which e<|uatioa the aymboi y denotes the pressure in pounds avoir- 
4apoia per s<|uarv ineh, and f tha lomperaiurK m <legrees of Fahrenheit's 
tlWTaKNDeter. Wheii this expneaaioo la reduced in reference to tempera- 
taraiitia 

I 

<-l5.'.-725CCp-OU4y4i«)»"-5r3 .... (H). 
We havD dwell thus particularly on Mr. Southern's fnnnula, beeanse it 
haa long been ooaadenra by men of high authority as giving more correct 
naolli tMD OBB be obtained trnm tbe rule* deduced by other rX|H-nnieni^ 
(Dgi, .„.) — I t,^ |( )H«g applicable with equal correetneu to all tempera' 
Hnr< 'snge of practice, nothing more was wanting to enable the 

peart tcir to determine the several particulars connected with the 

appliratiMu ut jkteam as regards its pressure and temperatare ; but finding 
ii utdsvtstc considerably from the truth in hi?h rang**, men nf wience 
beeaine dv*iro«>s of poaaeaaing a rule, by wM r riment 

aboold be more Marly r«pre«entrd. aod accord i .f ili,t 

guatemini"" -' f' •■''-l'>«ipber» have bad u.... ■'■e 

••b)«et,ai< rcbsa have supplied oa «it)i iiuiiirr' 

^reprcsii. . cb coaaccia Ibe taupeniure of ste,. ■■> 






elastic force. The formula of Tredgold is well known ; it is also foumM w 
the experiments of Mr. Southern, and represents his results with great ae> 
curacy as for as they extend ; it constitutes 009 of the simplest and BMM 
elegunt expressions for representing the law of eksticiiy that hai ye* hcca 
fonnd, and this it owes to the circumstance of involving no fhactioaal unB« 
bere; but this very circunutonce has caused it to be objected to by n^ 
gesting the idea that the constants are merely assumed, aud not Atdueti 
by a legitimate process from the experimental data. The equation, ia in 
original form, is 

I 
l77/«-f+100. . . . (1): 
where/ denotes tbe elastic force of the steam in inches of mercury, and 
t the temperature in degrees of Fahrenheit's thermometer. The sama 
formula, as modified and corrected by M. Millet, become* 
I 
179-0773/'-/+ 103 .... (K). 

This expression is something more complex than the one it is intended 
to supersede : but on trial we do not find it to produce more correct renin i 
our readers however can employ the one or the other at they feel JBflinwL 

Dr. Thomas Young constrncied a formula which was adapted empirically 
to the experiments of Dr. Ihilton : it assuuied a form sufficiently simple and 
elegant, but involved a very high exponent ; it is thus expressed — 

/= (1+0-0029/)' . . . . (L): 
where tht symbol / denotes the elastic foroe of steam expreaacd ia it- 
mosphercs of 30 inches of mercury, and t the temperature in degrees eHi> 
mated above 2 13 of Fahrenheit This formula is not applicable ia praeiioe, 
especially in high temperatures, aa it deviates very widely and rapidly tram 
tbe results of observation : it is chiefly remarkable as bemg made the basis 
of a numerous class of theorems somewhat varied, but of a more correct and 
satisfitctory character. Mr. Creighton applied a similar expression to Dr. 
lire's experiments; but in order to repre^eitt them even approximately, he 
found it necessary to change the coustaut exponent from 7 to 6, making at 
the same lime a correspondent alteration on the other constants which the 
expression contains. The Commission of the French Academy reprcseMed 
their experiments by means of a formula constructed on tbe same priaciplat : 
it is thus expressed — 

/-(I +0-7153/)' . . . . (M): 
where / denotes the elastic force of the steam expressed in atnnaphina 
of 0-76 ineirea or 29*93^ inches of mercury, and / the temperatare catl- 
mated above 100 degrees of the centigrade thermometer ; but when the 
same formula is so transformed aa to be expressed in the usoal term* 
adopted in practice, it is 

/i-(0-2679+ 0-0067585/)*. . . . (N): 
where p is the pressure in pounds per square inch, and t (he temperatoiv 
in degrees of Fahrenheit's s«ile, estimated above 213 or simple atmospheric 
pressure. 

The Gomnittee of the Franklin Institute adopted the esp«>neni 6, and 
changed Dr. Young's constants o-ou-i9 into 0-00^133 ; thus nuvdified, they 
represented their experiments in the usual terms by the eqnation 
;i -(0 460467+ 0-00521478 /)■. . . . (O). 

By combining Dr. Dalton's exiK-riinenls with the mean between those of 
the French Academy and the Franklin Insliiute. we obtain the following 
equations, the one being applicable for temperatures below 212 degree, aad 
the other for teui|>eratures aliove that point as far ns 50 ataoanftiima. 
Thus, for low pressure steam, that is, fur steam of leas temperature Ifaaa 
212, it is 

/-('i:i^)"" ■ ■ •(-)■ 

and for steam above the u-mperature of 2 1 2, it ia 

In conscqaence therefore of the high and imposing authnritr from whieb 
these forraulte are deduced, we shall ado|>t them in all our subii-qneni cal- 
culations relative to the steam engine ; and in order to render their appli- 
cation ea«y and ^miliar, we shall translate them into rules in wonls at 
length, and illustrate them by the resolution of appropriate naiBRieal 
examples ; aud for the Kake of a systematic arrangement, we think proper to 
branch the subject into a series of problems, as follows: — 

7%c latperalmre ofttmm Mm pisM in deynte of Fnhrr»lmft (htnutmut, 
to find ike ewmpimdiitp eliutic farct m inchea of memry. 

Tlic problem, ns hcf pn'pniiridrd, is reMilved by one or other of the Iwv 
last equations, and the process indicated by tLe arrasgement is thas 
expressed : — 

RtTLK. To the given temperature exprrtsed in decrees of Fihrnibtii*s 
thermometer, add tbe constant temperature 175; find tbe logarithni ms- 
swering to the sum. fk-om which subtract the constant 2°S977I1 ; nutMplj 
the remainder by the index 7-71307, and the product will be the Ingarthas 
of the elastic force in atmospheres of 30 ini.he« of mercury wbcn the gitf a 
temperature is lesslhon 212 degrees. Hut when the tem^icratur* isgrrttar 
than 213, increase it by 121 ; then, from the lo/^arithm of rhe leieperatai* 
thus increased, subtract the cunataut logarithm 2 6224*-;. uoltiplv tfa* 
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remainder by the exponent 6-42, and the prodaot will be the logarithm of 
the clutic force in ntinuipheres of 30 inches of mercury i wliioh being 
multiplied b^ 30 will give the force in inches, or if niullt[ilicd by 1476 
the result will be expressed in pounds avoirdupois per square inch. 

Example, When steam is generated under a temperature of 1S7 degrees 
of Fahrenheit's thertnometer, what is its corresponding elastic force in at- 
mospheres of 30 inches of mercury ? 

In this example, the given temperature is less than 313 degrees: it will 
therefore be resolved by the first clause of the preceding rule, in which the 
additive constant is 1 75 ; hence we get 

I9-+J75-362 - . log. 2-558709 
ConsUni divisor » 387 - • log. 2-587711 subtract 



9-970998 K 7-7 1307 -9-773393 
And the corresponding natural number is 0-5934 atmospheres, or 17-802 
inches of mercury, llie elastic force required, or if expressed in pound* per 
c<|nare inch, it is 5934 » U'76=8-76lbs. very nearly. If the temperature 
be 250 degrees of Fahrenheit, the process is as follows : — 

250+121=371 - - log. 2S69374 
Constant divisor = 333 • • log. S-532444 subtract 



O-O46930 X e-42 =0301391 
And the corresponding natnr^ number ii 2-0012 atmospfaeres, or 60-036 
inches of mercury, and in pounds per sqoare inch it is 2-()U13 k 1476 
— 39*54 Ifail. very nearly. 

It is sometimes convenient to express the resolts in inches of mercury 
without a previous determination in atmospheres, and for this purpose the 
rule is simply as follows; — 

R0L£. Multiply the given temperature in degrees of Fahrenheit's ther- 
mometer by the constant coefficient t "5542, and to the product add the con- 
■ stont number 27r9S.'> ; then from the lo|r<irithm of the sum subtract the 
constant logarithm 2-587711, and multiply the remainder by the exponent 
7'<1307 ; the tiatural number answering to the product, considered as a 
logarithm, will give the elastic force in inches of mercury. This answers 
to the case when the temperature is less than 213 degrees; but when it is 
above that point proceed as follows: — 

Multiply the given temperacarc in degrees of Fahrenheit's thermometer 
'^— by the constant coefficient l'6Q856, and to the product add the constant 
^H number 305-526 ; then from the logarithm of the sum ouhtroel the constant 
^H logarithm 2-532444, and multiply the remainder by the exponent C-42 ; the 
^m natural number answering to the product considered as a logarithm, will 
^H give the elastic force in inches of mercury. Take, for example, the tcm- 
^H p«nturea as osiuined above, and the process according to die rule is aa 
■ follows : — 

t 



X87 • 1-5542 = 290-6354 
Constant = 271 '9^5 add 



Som 
Constant 



562-«204 - 
387 - 



log. 2-750216 

log. 3-587711 subtract 



0-162505 K 7-71307 -1-253408 
And the natural number answering to this logarithm is 17*923 inches of 
mervury. By the preceding calculation the result is 17-802 ; the slight 
dtfierence arises from the introduction of the decimal constants, which in 
ooDoeqiMDce of not tcrminaring at the proper place are taken to the 
nearest nnit in the last figttre, but the process is equally true notwith- 
standing. For the higher temperature, we get 
3&0x 1-699.^6 = 4Z4*C40 



Constant » S05-.')26 odd 

Sum - e.-^o-iee - 

Constant -< 333 - 



log. 3-799456 

log. 2-522444 subtract 



h 

H 0-277011 K 6-43- 1-778410 

^^ Ai>d the natanJ nomber answering to this logarithm is 60*036 inches of 
mcrcary, agreeing exactly with the result obtained as above. 

It is moreover sometimes convenient to express the force of the steam. 
IB poonds per square inch, without a previous determination in atmospheres 
•r inches of mereory ; and when the eqtiations are modified fur that pur- 
pose, they supply os with the followbg process : viz. 

Multi{4y the given temperature by the constant coefficient 1-416G6, and 
to the product add the constant number 247-9155 ; then, from the logarithm 
of the sum subtract the otmslJint logarithm 2-587711, nnd multiply the re- 
Dtoioder by the index 7-7130"; the- natimtl ntmiber answering to the 
prodnct wUl give the pressure in pounds per square inch, when the 
tomperatnre.is less than 212 degrees : but for all greater temperatures the 
proceM is as follows: — 

Multiply the given temperatore by the constant coefBcient 1-5209, and 
Id the pniductaddtbeconsunt number ia4-03K9 ; then, ftom the logarithm 
[i^the sum subtnct the constant Irigarithiu 2*522444, and multiply the re- 
winder by the sxponent 6*42 ; the natural or common number answering 
(u the priiduct, will express the force of the steam in pounds per square inch. 
If siny of these ksoIu be multiplied by the decimal 0-7854, the product vill 
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be the corresponding pressure in pounds per circular mch. Taking there- 
fore the tempet-aturea previously employed, the operation is as follows: 

187 X 1*41666 - 264-9155 
Constant = 247-9155 odd 



Sum » 512-8310 - 
QoDStont - 387 - 



- log. 2-709974 

- log. 2-587711 subtract 



0-122263 X 7-71307-0-942658 
And the number answering to this logarithm is 8 -7 63 lbs. per square inch, 
and 8*763 x 0*7854 — 6*8824 lbs. per circular inch, the proportion in the two 
coses being as I to 0*7554. Again, lor the higher temperature, it is 
250 X 1*5209 - 360-2250 
Constant - 184*0239 add 



Sum 
Cons tout 



564*2539 - 
333 - 



- log. 

- log. 



2*761475 
2-522444 subtract 



0-229031 X 6-43- 1-470379 
And the nnraber answering to this logarithm is 29-568 lbs. per square loch, 
or 29068 K 0-7854 =23*2226lbs per circular inch. 

We have now to reverse the process, and determine the temperature cor- 
responding to any gtvun power of the steam, and for this purpose we must 
so transpose the formula: ( P) and (<j), as to express the temperature in terms 
of the elastic force, c«)mbined with given constant nirniben ; but as it is 
probable that many of our readers would prefer to see the theorems from 
which the rules are deduced, we here subjoin them. 

For the law;.T temperature, or that which dues not exceed the temper- 
ature of boiling water, we get 

t= 249/'"^* -176 . . . . (R). 
Where ( denotes the temperature in degrees of Fahrenheit's thermometefi 
and /the elastic force in inches of mercury, less than 30 inches, or one at- 
mosphere ; but when the clastic force is greater than one atmosphere, the 
formula for the corresponding temperature is as follows--.^ 
I 
t=196/*-"-I21 . . , . (8). 
In the construction of these formulte, we have, for the soke of simplicity, 
omitted the iVactions that obtain in the coefficient of/; for since they axa 
very small, the omission will not pntduce an error of any consequence ; 
indeed no error will arise on this account, as we retain the correct loga- 
rithms, a ciftumstance that enables the computer to ascertain the true 
value of the coefficients whenever it is necessary so to do ; but in nil coses 
of actual practice, the results derived trum the integral coefficients will be 
(|iiltu sufficient. The rule supplied by th« equations (R) and (S) is thus 
expressed : — 

When the ehistic force is less than the pressure of the atmosphere, 
that is, less than 30 inches of the mercurial column, — 

RlTLK. Divide the logarithm of the given elastic force in inches of mer< 
cory, by the constant index 7'71307, and to the quotient add the constant 
logarithm 2*396204 ; then from the common or naturiL number answering 
to the sum, subtract the constant temperature 175 degrees, and the 
rem&mder will be the temperature sought in degrees of Fahrenheit's 
thermometer. But when the elastic force exceeds 30 inches or one at- 
mosphere, the following nde applies: — 

Divide the logarithm of the given ekstic force in inches of mercnrr by 
the constant index 6*42, ami to the quotient add the constant logarithm 
2-J923C3 ; then, from the natural number answering to the sum subtract 
Uie constant temperature 121 degrees, nnd the remainder will be the tem- 
[lerature sought. Similar rules itiigbt be constmcted for determining the 
temperature, when the pressure in pounds per square inch is given ; bat 
since this is a less useful cose of the problem we have thought proper to 
omit it. We therefore proceed to exemplify tlie above rules, and for this 
purpose we shall suppose the pressure in the two oases to be equivalent to 
the weight of 19 and 60 inches of mercury respectively. The operation 
will therefore be as follows : — 

Log. 19-^7-71307 = 1-278754-I-7-71307 = 0-165791 
Constant coefficient — 249 • - log. 2-396204 add 



Natural number -= 364-75 - - log. 3-56199S 
Constant temperature = 175 subtract 



Required temperature = 1H9-75 degrees of Fahrenheit's scale. 
For the higher elastic force, the operation is as follows: — 
Log. 60 -r 6-42 = 1-778151 -r6-42-0-276969 
Constuit coefficient - 196 - log. S 392363, odd 

Natural number => 370*97 - log. 3*569333 
Constant temperature — 121 subtract 

Required temperature — 249-97 degrees of Fahrenheit's scale. 
All the preceding results, as computed by our rules, agree as nearly 
rilh observation as con be desired; but they have all been ubtoined on the 
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Surcharged Steam. — Vol4tme of Steam at (Itjferent Pressvres. 



•u|)pmicion tliM the steHra it in contact vitb the liquid from which it is 
geoent«d ; and in ibis cate it it evident that the (team mutt always attain 
an elastic force corresponding to the temperaturt* : nod in accordance to any 
increase of pressure, supposing the temperature to remain the same, a quan- 
tity of it corresponding to the degree of compression must simply be con- 
densed into water, and in consequence will leare the diminished space 
occapied by itcam of the original degree of tension ; or otherwise to 
express it, if the temperatun; and pressure invsrinbly correspnind with 
eacji other, it is impossible to incrnue the density and cUuticity of the »t<sm 
except by increasing the tempetstnre at the same time; and contrariwise, 
the tenipi-rature cannot be increased without at the same time increasing 
the elasticity and density. This being ndniittcd, it is obvious that under 
these circumstances the steam must always maintain its maximum of pres- 
sure and density: but if it be separated from the liquid that produces it, 
and if its temperature in this cuse be increased, it will be found not to 
pos»es* a higher degre« of elasticity than a voltune of atmospheric air 
■imiiarly confined, and heated to the same temperature. Under this new 
oonditiun, the state of maximum density and elasticity ceases ; for it is 
obvious that since no water is present, there cannot be any more steam 
generated by on increase of temperature ; and consequently the force of 
the steam is only that which confines it to its original bulk, and is measured 
by the etfort which it exerts to expand itself. Our next object therefore is 
to inquire what is the law of ehuticity of steam under the conditions that 
we have here specified. 

The specific gravity of steam, its density, and the volume which it 
occupies at different temperatures, have been determined by experiment 
with very great precision: and it has alao been asceriAiucd that the expon- 
>tan of vapour by means of heat is regtilated by the same laws as the 
•Xpatuion of the other gases, vis., that ill gases expand fVom unity to I 375 
is bulk by 180 degrees of temperature; and again, that steam obeys the 
law discovered by Boyle and Mariotte, contracting in volume in proportion 
lo the degree of pressure which it stutaioi. We bate therefore to mqnire 
what space a given qu.intity of wattr ooavertod into steam will occupy at a 
given pressure ; and from thence we can aaocrtua the specific gravity, den- 
ain^ and volume at all other pressures. 

When a gas or vapour is submitted to a constant pressure, the quantity 
which it expands by a given rise of temperature is calculated by th« 
following theorem, 

•^-^(^59) <T) 

where I and f* are the temperatures and r. v' the corresponding volumea 
befurc and after expansion ; hence this rule. 

Rin.K. To taeh of the ttmptnturtM brfort and aptt expantum. odd ike 
eonMtant rjjtertmenlai number 459 ; dtciile the yrtaUr smi Ay (Ac Irimrr, and 
Mulufdit the iimitimt by the inJiuite at the /direr ttrnfteraturr, amd the prtfJuct 
iciU ytrt Ih* t-ipamitd tiditme. 

Exiimplt. If the volume of iteam at the tempemture of 312 dofrrees of 
Fahrenheit be 1 7 1 1 times the bulk of the water tliat produces it ; what will 
tv itK volume at the temperature of 330-3 degrees, supposing the pressure to 
he the »me in b<ith cases? 

Here, by the rule, we have 213 t -159 -67 1, and 850-3 ■•• 459 -7093 •, con- 
sequently, by dividing the greater by the lesser, and multiplying by the 

^09*9 
tpi*m TohoiMk »• g«( Wp ■ 171 1 «18M'66 for the rolnme it the tem- 

peratare of 9S0'3 degree*. 

A^a, if the cIsAtk? force at the lower temperature and the corresponding 
volaaie be given, the elastic force at the higher temperature can rt>adily be 
fooad t for it is simply as the volume the vapour occnpier at the lower 
tenperatnre is to the volume at the highar temperature, or what it would 
become by expansirm, so is the daitie ftfce given to that required. 

If tlie volume which steam oooaplM under any given pressure and tetn- 
p4>ratare be fivvn, the volume which it will occupy under any propoaed 
pr ess u re eaa readily be found by reversing the preceding proeeta ; or by 
rrferring to chemical tables containing the specific gravity of the gases 
compsnrd with air as unity at the same prcature and temperature. Now 
atr at the mean state of the atmosphere has a specific gravity of 1 1 as com- 
jauvd with watar at Iimhi ; and the bulks are inversely as the ipecific 
levities, according lo the general laws of the properties of matter previously 
announced in the paffva of this work ; hence it follows that air is 818 times 
the bulk of an equal weight of water. fi>r UnK)-i-l| = )tli«-l8^ But by tlie 
expcrimenta of l>r. Dalton. it has been found that iteam of the same 
praaaure and temperature bos a specific gravity of 'C23 compared with air 
a« unity i con<.< , . have only to divide the number 819*19 by *6SS, 

anil the f|uiitirt. the proportion of volume of the vapour to one 

uf the liquid frt:: i\ is generated ; thus mit gt-t SlSie-f C25-13OT} 

that i«. the volume of steam al ^M) degrrcs nf Fahrenheit, its force being 
90 inches of mercury, is Mi->9 limes the volume of an equal weight of 
watar ; hence tt follows, from eqaatioo (T), thai wbtn the tcmpermtnre 
loerttMi to r, the vol«ae baeooes 

•'-»=««■■ (45^o)-«"*<*"*'^' 
ud fnm dUa ripreHiao, the vohime correspondiiig to any specified elastic 



forced', and temperature (', may easily be found ; for it is iovenelf aa ^ 
compressing force ; thm is, 

/; 3o::2-52.'i (4.'i9 + : »' i 
consequently, by working out the analogy, we get 

, 75-07(4."i9 -t- 1). ^ 

V: ^ ^ . . . .(D) 

By this theorem is found the volume of steam as compared with that of 
the water producing it, when tuder a pres.sai-e corre«paiulIng to the Ian- 
perature. The rule in words is as follows : 

RCL.E. Calculate the eUutie J'crct is inches of mertvry bj/ tkt ndt akim^ 
tfifrn fbr that purpose, and reserve it fur u divisor. 7u the yieen ttmperntmt 
add the cuiutaut nam&cr 4j9, und multiply tlm mum by 75'G7 ; them Juridt ikt 
product by tbt ruenti divisor, and the ymilimt kHI yitt the wlmmt mmgltl, 

ErampU. When the temperature of steam is 25<V3 degrees tif Fah- 
renheit's thfrinomctcr, what is the volume, compared with Uiat ofwatrr? 

The tcmpcnttufe being greater than 213 degrees, the force is calculated 
by the rule to equation (Q), and the process is as follows : 
250-3 + 121-371-3 log. 2-5697249 

Constant divisor =333 log. 2-9224442, anbtract 



0-0472807 X 6*42 =0-9035421 
AtmotpbereaSO inches of mercury log. I'47TI213, add 



Elastic force «60'348 log. 1 -7806634 1 
Agnb it is. I 

409 + 250-3 = 709-3 log. 2-85083001 . , ^Subtract. 

Constant coefficient = 75-07 log. 1-8789237J 4-7297M7J 

Volume=889-39timesthatofwaU!T.lof. S-9490903 muaindrr. 

Thos have we given the method of calcukiiDg the elastic force of stcaa 
when the temperature is given either in atmospheres or inches of mercury, 
and also in pounds or the square or circular inch ; we have also rcvenad 
the process, and determined the temperature corresponding to any gives 
elastic force. We have, m<)rf<)ver, shown how to find the vuluuie i-orre- 
•pooding to different temperntures.when the procsure is constant ; and finally. 
ve have calcuhited the volume, when under a pressure due U> xhv elastic 
force. The«e are the chief subjects of calculation ai regards the ptvpert ica 
of steam ; and we earnestly advise our readers to render ibemselvea ftuwilt** 
with the several operations. The calculations as regards the laatka «t 
steam in the parts of an engine to produce power, will be cooaidcnd is 
another part of the present treatise. 

The equation (l), we may add, can be exhibited in a different form 
Involving only the tempi-rature and known quantities ; for since the ex- 
pressions (P) and (Q) represent tht- elastic force in terms of the tempetaturr, 
according iis it is under or above 212 degrees of Fahrenheit, we have only 
to substitute those valoei of the elastic force when reduced to inches << 
mercury, instead of the symbol y in equation (U), and wc obtain, when the 
temperature is lesa than 212 degrees. 

Volume -75-«7(t«np.+459)-fCO't>O*0l6Ktemp. + O-702807y-"" (V) 
and when the temperature exceeds 912 degrees, the espressioQ bccomea 
Volume = 75-G7(tenip. + 4S9)-«-00006I01 k temp. + ttl 7 1 93)'-* (W) 
These expressions are simple in their form, and easily minced ; bat. i« 
ptuauance of the plan we have adopted, it becomes neoeaeary to rxpnrsa 
the manner of their reduction in words at length, as follows : 

Rule. ^Vhe^ the given temperature is under 212 degrees, mtiltiply the Mm* 
perature in degrees of Fahreaheit*s thennometer by the con«tsnt fracimi 
0-004016, and to the product add the constant increment ti-'Oiw' -, multiply 
the logarithm of the sum by the index 7-71307. and find the natural or 
eoiBlDoii somber answering to the product, which reserve for adivisor. To 
the temperature add the constant number 459, and multiply the wa 
by the coefficient 75-67 for a dividend ; divide the latter result by tba 
former, and the quotient will express the volume of steam when that of 
water is imity. 

Again, when the given temperature is greater than S12 degrcca, 

multiply it by the fraction 0-005101, and to the product add th 1 

increment O-GITIOD ; multiply the logarithm of the t'lim hj tlu- ; 

and reserve the natural number answering to the product fur 

find the dividend as directed above, which, being divided by the divisor, 

will give the volume of steam when that of the water is unity. 

Exampk, How many cubic feet of steam will be supplied by osm eabie 
foot of water, under the respective temperatures of 187 and S93-4 di^Rct 
of Fahrenheit's thermometer } 

Here, by the rule, we have 
187 X 0-004016 -0-750092 
Coiutaut incrviuent — 0-702807 



Sam- 1-4.^3790 log. 01625043 x 7-71307- 1.25M0M 
and the number anrwcring to this logarithm is 17*98284, the diviaar. 
187 +459 ^646. and 646 r 7567 -48802-8-.>. the dividend: hence, by divk 
we get 48882*82 -i- 17-92284 -2727-4 cubic feet of steam from ope n 
foot of water. 



Weight of Sttam at different Pressures. — Motion oj tlastic Fluids. 



Agnii), for the higher temperature, it ia 

S03'4 X 0(Hl5Uil = 1-496633 
Couatant iiicrenieat =■ 0-Gl 7 195 



Stun 21I38SS • log. 0-3250696 x 6-43-3*0869468 ; 

nd the nrnnber ansvpring to this logarithm i« 132-165, the divisor. Bat 
Vt:\i ♦4^9 = 752-4, and 7 "ia^ x 75-C7 =5r,334-IOft, the dividend; llierefortf, 
V diviBion, we get S6&34-Iut$-M22-165 = 460-04 cubic feet of steam from 
one cubic fcot rvf water. 

The preceding is a very simple process fur calculating the volume which 
the steam of o cubic foot of -water will occupy when under a pressore due 
to a given temperature and elastic force i and since a knowledge of this 
inieutar ia of the utmost importance in calculations connected wiih the 
^sui engine, it is prcimined that our readers will find it to their advnnt:tjre 
cr themselves familiar with Ihe method of obtaining it. The ahovt; 
includes both cases of the problem, a circumstance which givcK to 
_ eration, considered as a whole, a somewhat formidable appearance: 
>)Ut it would be difficult to conceive a caxe in actual practice where the 
application of both tlte formnla> will be required at one and the same time; 
the entire process must therefore be considered as embracing only one of 
the cjiM.ni above exemplified ; and consequently it can be performed with 
the greatest eue and facility by every jicrson who is acquainted with the 
VMof logBfithms: and tboce wnacqiuiinted with the application of logvithmi 
*mf^t In make themselves masters of that very siinplt^ mcMU- of computation. 
Another thing which it is necessary sometimes to discover in reason- 
ing on the properties of steam as referred to its action in«B steam 
engine, is the weight of a cubic foot, or auy other quantity of it, expressed 
in grains, corTCRpunding to a given tcmpoi-ature and pre.uure. Now, it has 
be#n a»crrt.-)iued by exjieriment, that when the temperature of steam is 60 
decrees of Fahrenheit, and the pressure equal to 3() iuches of mercury, the 
~ -'"'it of a cubic foot in grains is 329'4 ; but the weight is directly propor- 
to the elastic force, for the elastic force is proportional to the 
■■} : consequently, if/ denote any other elastic force, and wlhe weight 
ia grain* corresponding thereto, then we have 

30 :/:: 3i9-4 ; ic = io-98/, 

ihe weight of a en hie foot of vapour at the force /, ard temperature 60 
degree* of Fahrenheit Let I denote the temperature at the force/; then 

. - ,™x . 459 + r 459 + « . , 

by equation (T), we have c— -...r—^r^ " ~vt^' •. the volume at the tem- 



450 -t- 60 



519 



Iwratare I, siipjiOBing the volume at 60 degrees to be unity ; that is, one 
cubic foot. Now, since the densities are inversely proportional to the spaces 

..... . . (450 + . . 519IP ^ 

whicb the vapour occupies, we hare- ■— ^ : 1 :'. w : u? = ; but 

by the preceding ualogy, the value of v is 10-98/; therefore, by sobetitu* 
ttoa. we get 

5698-62/ 



t&^ 



4J9-t-f 



(X). 



TItIs equation expresses the weight in grains uf a cubic foot of steam at 
Oie tero|H.-ratnre t and force/; and if we substitute the value of/, from eqna- 
ljon»(P) and (Q) , reduced to inches of mercury, and modificnl for the two 
cases uf temperature below and above 212 degrees of Fahrenheit, we shall 
obtain, in tlie first case, 

ir' = (U'OI2324 »temp. +2 !5361iy-"""-r(temp. +459). . . . (Y) 
niid for the second case, where the temperature exceeds 212, it is 
w' = (0-Ol962i<temp. +2-37374)'-"-r(temp. + 459) , . . (Z) 

Tbeae two eqiuxtions. like those marked (V) and (W), are sufficiently 
nmple in their fonn. and <ttrer hut little difficulty in their npplication. The 
rule for their reduction, when expressed in words at Length, is \s» follows: 

RcUL When the temperature is lets than 212 degrees, multiply the 
(rirrn temperature, in degrees of Fahrenheit's thermometer, by the fraction 
Cn.ii.'524, and to the product add the constant increment 2 15561 1 ; then 
jnulti^'ly the logarithu) of the sum by the index 7*71307, and from the pro- 
due! *ubtn>ct the logarithm of the temperature, increased by 459; the 
natural number answering to the remainder will be the weight of a cubic 
ftMt in grains, 

Ag^in, wluti the tempernture exceeds 212, multiply it by the fraction 
OHM9f.2, ond to the product add the constant increment 237374; then 
innltiplv the logarithm of the sum by the index 6-42, and from the prcxluct 
subtract the logarithm of the temperature incrcastd by 459 ; the natural 
Bumbcr autwehug to the reuoaituler will be the weight of a cubic foot in 
Kraina. 

Enmpie. Snppoting the temperatures to he as in the preceding excmple, 
vkat will be the weight of a cubic foot in grains fiur the two cases? 
Uere, hy ilie rtile, we have 



Ountim iHCfmienlsS HVifill 



8om~ * tmiyji 



ici(. o-stsaMSMT'Tisi'' ~ *-«MAia 

. • lof. >-«i(nna,iiibtfaat 



natural Dinbar m Ift7-Wl gralai par cuUc root • log. x-ltMWtS 



For the higher temperature, it ia 



Coostitat lucrviDiiii I 



S75fi.1ffll 
2 W37<0 



Sum a a IXrji* 



log. I>-9IOIIS8»fi-4S r RMSMM 

- . log. »-n»W.S I*IW « 



NMursl number • vaiO grsitu per cubic toot • lug. i-'jtMtTC. 
Here agun the (i^teration resolves both cases of the problem ; bat in 
practice only oue of them can be required. 

THE M<ITIO!t or ELASTIC rLCIDS. 

The next subject that claims our atteation is the velucity with which 
elastic fluids or vapours move in pipes or confined passages. It it a well' 
known fact in the d-Ktrinc of pneumatics, that the motion of ttvc elastic 
fluids de|)eadB u|Kjn the temperature and prcMure of the atmosphere ; and, 
consequently, when an ehisiie l)uid is confined in a close vessel, it matt bv 
similorly circnmstniKied with regard to temperature and pressure as it 
would be iu an atmosphere competent to exert the same pressure npon it. 
The simplest and most convenient way uf estimating the motiaa of an 
elastic fluid is to assign (he height of a column ot uniform dpnsity, capable 
of producing the same pressure at that which the fluid sustains iu its state 
of contiueroent ; for under the pressure of such a column, the velocity into 
a perfect vacuum will he the same as that acquired by a heavy body in 
falling through the height of the homogeneous column, a proper allowance 
being made for the contraction at the aperture or orifice tlirough which the 
fluid flows. 

When a passage is opened between two vessels containing fluids of dif- 
ferent densities, the fluid of greatest density rushes out of the vessel that 
contains it, into the one containing the rarer fluid, and the velocity of influx 
at tlie first inAtant of the motion is e<|ual to that which a heavy body ac- 
quires in falling through a certain height, and that height is equal to the 
diflerence of two uniform coliuniu of the fluid of greatest detuity, competent 
to produce the pressures under which the fluids are originally confined; 
and the velocity of motion at any other instant is proportional to the square 
root of the diflerence between the heights of the uniform columns producing 
(he pressures at tliat in«itimt. Hence we infer thai the velocity uf motion 
continually decreases,— the density of the fluids in the two vesstis approach- 
ing nearer and nearer to an equality, and after a certain time an equilibrium 
obtains, and the velocity of motion ceases. 

It is abundantly confirmed by obftervatiun and experiment, that oblique 
action produces very nearly the same eflecl in the motion of elastic fliudi 
through apertures af it docj in the case of water ; and it ha« moreover 
ht-eii ascertained that eddict take place under similar circumstances, and 
tKese eddies must of course have a tendency to retard the motion : it f here- 
f->rc becomes necessary, in all the calculations of practice, to make soaie 
allowance for the retardation that takes pUce iu pantng the anfio« ; aitd 
this end is most conveniently answered by modifying the constant eo- 
e^civnt according to the nature of the aperture through which the motion 
is made. Numeront experiments have been made to ascertain the effect 
of contraction in orifices of diflcrent forma and under different conditionc, 
and amongst those which have proved the most successful in thia respect, 
we may mention the experiments of Do Boat and Ettelwcin, the Latter 
of whom h-M liiipplied us with a series of coefficients, which, although not 
exclusively applicable to the case of the steam engine, vet, on account of 
their extensive utility, w« take the liberty to tranacnbc. They are at 
follow : — 



For the velocity of motion that would result from the 
direct un retarded action of the column of the fluid 
that produces it, we have - ... 3V~^/579A 

For an orifice or tube in the form of the contracted 

vein 10V=-/6084* 

For wide openings having the s'dl on a level with the l 

bottom of the reservoir ... " V loV= ./Mieii 

For sluices with walls in aline with the orifice -| = v »»"« 



For bridges w tih pointed piers 

For narrow openings having the sill on a level with* 

the bottom of the reservoir - - ^__^ 

For small openings in a sluice with side walli ^ loV' v^47tU 

For abrupt projections - - 

For bridges witli square pi en 

For openings in sluices without side walls - • lOV^ ■s/iSOlh 

For openings or orifices in a thin plate - - V — -/iih 

For a straight tube from 2 to 3 diameter* in length 

projecting outwards ... - 10V = v'4i25 

tor a tube from 2 to 3 diameters in length prqjecting 

inwards -.--.. lOV- v'2976-35A 



It is necesury to observe, that in all these equations V is the velo- 
city of motion in feet per second, and A the height of the column pro- 
duciog it, estitnated also in feet. Nos. 1, 2, II, 12, and 13 are those which 
more particularly apply to the usual passages for the sleoni in a. steam 
engine ; but since all the others meet their application iu the every -day 
practice of the civil cng'meer, we have thought it useful to supply them. 
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7%e Ascent of Smoke in Cltunneys. 



MOTION or STEAM » AX EN'OnTE. 



We hare alresdy ctiited that the be«t int^lhnd of eatimating the motion of 
an clastic flaid, such as st«aiD or the vapour of water, is to assi^ the height 
of atmiform column of that fluid capabtc of producing the pressure: the 
dMemunaiion of this column i* therefore the leading «iep of the inquiry; 
and rint^e the elastic force of steam is nsualij reckoned in inches of mer- 
cnrj, 30 inches being equal to the pressure of the atmosphere, the subject 
presents but little ditficulty ; for we liave already seen that the height of a 
column of water of the temperature of 60 degrees, balancing a columo of 
30 inches of niercurj, i» 34 -0:^5 feet; the corresponding column of steam 
most therefore be as its relative bulk and clastic force ; hence we have 
30 : S4'023 :/o : A=»M341/i', where/is the elastic force of the steam in 
inches of mercury, v the corresponding rolume or bulk when that of water 
is unity, and A the height of a nnifomi column of the fluid capable of pro- 
dncuig the pressure due to the elastic force; consequeolly, is the case of 
a direct nnretarded actioa. the velocity into a perfect vacuum, according to 

No. 1 of the preceding claw of formnia, u V =8-543 '/fv; but for the best 
form of pipes, or a conical tube in form of the coDtncted Tcio^the velocity 

into a vacttom, according to No. 2, becomes Va8'807vyp; and fbr pipes 

of the osnal construction, Na 12 girca V<m%-9i2^fv\ No. IS gives V = 

S'fl04 v^/f ; and in the caae of a simple ori£ce in a thin plate, we get from 

Na 11 Vs5'322%'yii. The consideration of all these e<|iuitions may oc- 
casionally be required, bat our reaearcbcs will at present be limited to that 
arising fh>m No. 12, as being the beat adapted for general practice ; and for 
tbe purpose of shortening the invettigation. we shall take oo further notice 
of the case in which the temperature of the steam is below 212 degrees of 
Fahrenheit ; for the expression which indicates the velocity into a vacuum 
being independent of the elastic force, a separate consideration for the two 
oases is here unnecessary. 
It has been shown in the equation marked (U), that the Tolune of steam 

• . , - . . • •. » • *567 (temp. +450) 
which IS generated from an mut of water, u p= ^^ — ^ -' i let 

this raloe of p be sabstitated ibr it b the equation V— <(-9S3 •/fv, and we 
obtain for the velocity into a racuum for the usual form of steam passages, 

as follows, via., 

V - 60 S 1 43 */(iemp. -^ 43**) 
This is a very neat and simple expression, and the object determined by 
it is a very important one : it therefore merits the reader's utm<ist attention, 
••peciall) if he is desirous of becoming familiar with the calculations in 
reference to the motion of steam. The rale which the equation supplies, 
when expressed in words at length, is as follows : — 

RcLE. To Ike Itmt p tr a hir* of the gleam, in dtyrtes of Farmhrif* thenmo- 
mtttr, add the coasKifir aiunAer or tHcrmunl 459, aitd multiply the aquart 
not of the turn Ay 6*)-2l43 ; cAe product wiS be the velocity with wkick the 
ileam nuhei into a iiorKiMi in feet per eeamJ, 

EramfJr. With what Telocity will steam of 293"4 degrees of Fahren- 
heit's ihennomeier rush into a vacuum wheo under a pressure due to the 
tiastic force corresponding to the given temperature. 

By the role it is 293-4 4^450- 7 S2.4 - ^ log. 1-4382344 

Constant coefficient » 60*2 1 43 • log. 1-7797018 add 



Veloeity into a vacunm in feet per second => 1 65 1 -68 log. 3-3 1 7US62 

This is the velocity into a perfect vacuum, when the motion is made 
throagfa a straight npe of unifurm diameter ; but when the pipe is alter* 
■alely cnlM^ed kM contracted, the velocity must nece&^tarily t>e reduced 
ia proponkn to the lutore of the contraction ; and it is further manifest, 
that every bead and angle in a pipe will be attended with a c or te ap o o dant 
diainnti'An in the velocity of motion : it therefore behoves us, in the aetoal 
0OQMruction of sMam passages, to avoid these causes of loss as much as 

riible : and where thoy eannot be avoiried altogether, such forms should 
■dovted as will produce the smallest possible retarding effecL In 
MMi wVarc the ftirms ar« limited by the situation and conditions of con- 
MraetfoB, such enrrectiniM should be applied as the circumstances of the 
turn dnnwd ; and the amount of these corrections most be estimated ac- 
ewdiu to the nature of the obatructions ibemaelves. For each ri^'bl-uiiglrd 
bend. Uie diminution of veUx;ity is usually set down as being about one- 
tenth of its uuobftructed value ; bat whether thi» rouclnsion be correct or 
sot, it is at least oertain that tbe obstmotion in the caae of a right-angled 
Wad U aodi grurtsr than in that of a gndnallT ettrrcd one. u is a very 
trawrtt thing, especially in steam v r s is la, Ibr the main steam pipe to send 
off hf^B^Ms at right anjrics to each cvlindcr, and it is easy to tec that a great 
^pi«Mi4a» iu iJ)^ velocity of the stesm must take place here. In the cx- 
yif '**' valve chest a farther obstruction must be met with, probably to the 
CItnt of reducing the velocity of the steam two-tenth* of its whole amount. 
ncaa pfoportiooal eorrectiasia are not to be taken as the results of ex- 
p s ihuwrta ttat hare b«ea perfiNTaed Ibr the purpoae of determining the effect 
•f Ihc kboT* CiWsi'i 0^ retardation : we have do experiments of this sort on 
Uflh itUsaas can he placed ; and, in consequence, such elements can only 
f %a taJklvid frooi a comparison of the principles that regulate the motioo of 



other fluids under similar circumstances : they will, however, gnady i , 

the engineer m arriviug at an approxiinftte estiiuute of the din4ii)uti<>0 that 
takes pluce in the velocity in pa.s,sing any number of obstructions, whea 
the precise nature of thosi.' obstructions can be ascertained. In the gene- 
rality of practical cases, if the constant coefficient 60-2143 be reduced fai 
the ratio of 650 to 450, the resulting constant 41*6868 may be erapl 
without introducing an error of any consequence. 

or THE AflCEKT OF BMOU AMD ttXATEO AXE IS CBUCnCTa. 

The subject of chimney flues, with the ascent of smoke and heated air. '■ 
is aiiotlier case of the iiiotiou of elastic f.uids, in whitli, by a change rfj 
teinpiTature, an atmospheric column a^S'Uinei a ditferent* density " 
another, where no such alteration of temperature (K'curs. Tbe B 
construction of chimneys is a matter of very great im|)ortance to thel 
tical engineer, for in u close fireplace, desipried for the genervtioo _. 
steam, there must be a considerable draught to accomplish the inieoded i 
purpose, an*] this depends upon the three following particulars, vix. 

1. The beiglit of the chimney from the throat to the top. 

2. The area of the transverse section. 

3. The temperature at which the smoke and heated air are allowed V* 
enter it 

The formula for determining the power of the chimney may be inves- 
tigiUed in the following manner. 

Put A = the height in feet from the place where the flue enters to tbe top 
of the chimney, 
A'the number of cubic feet of air of atmospheric density tl^ * tha 

chinitiey must diM-harge per hour, 

o~the area of the aperture in square inches through which b cubic 

feet of air must pass when expanded by a change of tcmperaiur«v 

v—the velocity of ascent in feet per second, 

f»thc temperature of the external air, and 

( = the temperature of the air to be discharged by the chimaey. 

Now the force producing the motion in this case is manifestly the 

diSereoce between the weight of a column of the atmospheric i ir oLd 

another of the air discharged by the chimney ; and when the lemperxtnrv < f 

the atmospheric air is at 52 degrees of Fahrenheit's thermouieier, this d.f- 

ference will be indicated by the term A ( ~ ) j the velocity of asctnt 
will therefore be v^/m^ h | v-^; „ } feet per second, and the qvanuty 

of air discharged per second will therefore be, a/ C4 } { ~* | , Mp. 

posing that there is no contraction in the stream of sir ; but it is fooad by 
experiment, that in all cases the contraction that taki-s place dimmisbM 
the quantity discharged, by about three eighths of the whole ; cotueqitently, 
the quantity discharged per hour in cubic feet In-comes 



A-IS5-«9a 



This would be the qoantity discharged, provided there were no increase 
of volume in consequence of the change of temperature ; but sir expands 






from b to 



A(»' + 349) 



for f'-( degrees of temperature, as has been abown 



(•*-4SB 

elsewhere ; consequently, by comparison, we have 
6(r' + 45») 



r-t-459 



123-69 



v/'t^ 



hlf-t) 

439 ' 



From this equation, therefore, any one of the quantities which it involves 
can be found, when the others are given : it however supposes thai iherv 
is no other cause of diminution but the contraction at the aperture ; bat 
this can seldom if ever be the case ; for eddies, loss of heni. obstruction*, 
and change of direction in the chimney, will diminish the velnritv, arid 
coiuequcntly a larger area will be reqoii^ to suffer the hr:r r ih. 

A sumcient allowance for these csuses of retardation will '• «« 

change the coefficient 125-69 to 100 ; and in this case the c^^...^;.. .^i ihe 
area of section becomes 



a~L */(< + 459 )«.s- JOO C( + 459) »/* (f - 1). 

And if we take the mean temperature of the air of the atmosphere at 5S 
degrees of Fahrenheit, and make an allowance of 16 degrees for the dif- 
ference of density between atmospheric air and cool smoke, oar a^oliMl 
will nltimBteiy assume the form 



o-»^(f + 459)'-i-5ll00v'A(A'-»-l6). 

Tt has been found by experiment that 300 cubic feet of air of atmospheric 
density arc required for the complete combustion of one (mjuiuI cif coal, atwl 
the consumption often pounds of coal per hour is nsuslty reckoned rqiu- 
volent to one horse power ; it therefore appears that 2U4J<) ruSic feet of sir 
per hoar must pass through the fire for each horse power of the ragiaA 
This is a large allowance, but it is the safest plan to calcniate in excess la 
the fint iasianoe -, for the chimney may aAerwards be conveBicai, cT«a if 




Principles of the CotutrucHon of Chimneys. 



RuLX. Multiply the number ofhorte power of the engine by the \ power of 
the temperature at which the air enters the chimKey. incrtattd by 459 ; then 
divide the prtxtuct hy 25-55 timea the tquare root of the height vt tfie chtmnty 
in feet, mvllivlied hi/ ihe difference of temperature, let 16 Jtgrtet, and tlie 
quotient will be the urea oftfte chiamey in square inche*. 

Example^ Suppose ihe height of the chimney for a 40 horse engine to 
be TO feet, whnt should he iLs area wheTi the difference between the tem- 
perature at which the air enters the Bae, and that of thu atmutphere, la 
23' I de(n*e» ? 

Here, by the rule, we have 

' 250 + 5-J »3U3, the temperature at which the air eaters the flue. 
Constant increment =< 459, 



Sum =761 



HnmbcT of Imrse power =40 



log. S-8813847 
3 



3)8-6441541 

4-3220770 
log. 1 -6020600 



5-9241370 



J50-16 = 234 
height -70 feet 



Cvostant-i 25*55 



log. 2'.1G9S159 
log. 1-8450980 

2)4-2143139 



2-10715691 
log. I '4073609 J 



3-5145478 



Hence the area of the chimney in square inches is 256-79, log. 2-4095892 ; 
and in this way may the area be calculated for any other case ; bat par- 
ticular care must be taken to have the data accurately determined b<rfbre 
the calculation is begun. In the above example the particulars axe merely 
aasamed : but even that is sufficient to show the process of calculation, which 
is more immediately the object of the present inquiry. It is right, how- 
ever, to add, that recent experiments have greatly shaken the doctrine that 
it is beneficial to make chimneys small at the top, though such is the way 
in which they are, neverthelesi^, still constructed, and our rules must have 
reference to the present practice. It appears, however, tbat it would be 
the best way to make chimneys to expand as they ascend, after ihe manner 
of a trumpet, with iu mouth turned downwards : but these experiments 
require £srther confirmalton. 

The method of calculation adopted above is founded on the principle of 
correcting the tempemture for the difference between the specific gravity 
of atmocpheric air and that of ooal smoke, the one being unity and the 
other 1 -05 ; there is, however, another method, somewhat more elegant and 
legitimate, by employing the specific gravity of coal-smoke itself: the in- 
vestigation is rather tedious and prolix, but the resulting formula is by no 
means difficult ; and since both methods give the same result when properly 
calculate we make no further apology for presenting otir readers with 
another nile for obtaining the same object. The formula is as follows: — 

„^6(f + 459) 



V^A (C— 77- 



where o is the area of the transverse section of the chimney in square inches, 
b the quantity of atmospheric air required for combustion of the coal in cubic 
feet per bour^ h the height of the atmosphere in feet, and t' the temperature at 
which the air enters the flue after pa.<i8tng through the fire. The rule for 
performing this process is thus expressed : — 

RtTLB. From the temperature at which the air enters the chimney, stibtraet 
the constant decrement 7 7 "55; mulliply the remainder by the Iteight of t/ie 




chimney in feet, divide unity by the product, and extract the square root of tlie 
tpiotient fo the temperature of Oie heated air, add tlie con»tanl number 459; 
■multiply the sum by the number of cubic feet required for coml/ustion per hour, 
and divide the product by the number 2757'5 ; then muttijtly t/te i/uotient by 
the square root joiatd as above, and tlie product will be t)ie number vf aijuare 
inches in the tramtverse section of the chimney. 

Example, Suppose a mass of fuel in a state of combustion to require 
501M> cubic feet of air per hour, what must be thesiaeof the chimney when 
its height is 100 feet, the temperature ut which the heated air enters the 
chimney being 200 degrees of Fahrenheit's thermometer ? 

By the rule we have 200 — 77*55=122-45 • log. 20879588 

Bcightof the chimney si 00 - - log. 2 0000000 



200h-459=«59 - log. 2-8188854 ") 

.^000 - log. 3-698970O ^add 
2757-5 U. CO. log. 6-559484S J 



408795B8 



2)5-yi204l2 
7-9560X06 



3-0773999 

10333603 10-798 inches. 



This appears to he a very small flue for the quantity of air that passes 
through it per hour -, but it must be observed tliat we have assunied a great 
height fur the shaft, which has the eflect of creating a very powerfol 
draught, thereby drawing off the heated air with great rapidity. 

The advantage of a high flue is so very great, that the reader maybe 
desirous of knowing lo what height a chimney of a given base may be 
carried with safety, in cases where it is inconvenient to secure it with lateral 
stays ; and, as. an approximate rule for this purpose is not difficult of inves- 
tigation, we think proper to supply it here. 

When the chimney is equally wide throughout its whole height, the 
formula is 

156 



^, / 156 

*° V 12000— J A w; 



bnt-wben the tide of the base is double the ai,Ee of the top, the equation 
beconiM 



V 12000— 0-43 A 10 ; 



where t is the side of the hase in feet, h the height, and m the weight of one 
cubic foot of the inaleri&l. When the chimney stalk is not sciuoie, but 
longer on the one side than the other, s must be the least diineusion. The 
proportion of solid wall to a given base, as ssmctioned by experience, is 
about two thirds of its area, consequently w ought to be two thirds of the 
weight of a cubic foot of brickwork. Now a cobic foot of dried brick- 
work is on an average 1 14 lbs ; consequently w76 lbs ; and if this be sub- 
stituted in the foregoing equations, we get for a chimney of equal slxe 
throughout, 

* V 1200 — 25A; 
asd when the chimney tapers to one half the size at top, it is 



V 12000 — 32Bj 



where it may be remarked that 12000 lbs. is the cohesive force of one 
square foot of mortar; and in the investigation of the forrouice we have as- 
sumed the greatest force of the wind on a square foot of surface at 62 lbs. 
These equations are too simple in their form to require elucidation from ni ; 
we therefore leave the reduction as an exercise to the reader, who it ia 
presumed will find no difficulty in resolving the several cases that may 
arise in the coiu-se of bis practice. 




Practical Jtemarka re$pectwg Land ItoiUrt. 



CHAPTER I. 



BOILERSl 



^B bare now th«n despatched th« scientific preliminaries of the present 
work, anmn^ which we have no doubt many of our readers will think we 
have lingvivd too long, for we well know the iiupatience uf engineers and 
other practicoi men for that species of knowled^ bearing upon their 
daily pursuits which they diftiaguiiih by the name ot practical inforniation. 
Bui we have not suffered ourselves to be hurried prentaiurely in the prac- 
tical details of steam engine making, by the impetuouRity of this class, nor 
have we foregone the drudgerv uf compounding for the use of tyros a 
useful scientific groundwork. £agioe«rs are not to be made by the aid of 
certdn recipes of construction ; nor is it sufficient for tis that they shook! 
know the mode, but they must also »tt the rta*un, A ntou, indeed, who does not 
refer events to their causes, and endeavour to ascend to genera] principles 
in every stage of Uis progress, is a mere qu*ck, who, however expert he 
may be in maDufactnrina engines, cannot be said to tmdentand the snbjecu 
It must ever be borne in mind, that the fomiutionof steam engines is a 
progressive art, in which old methods of fabrication and old peculiariti«a 
uf structure are continually being exchanged for new ; and a person who 
rvstricta bis anibition to the acquisition of information relative to present 
modca and resources, is in much diuiger in the lapae of a few years of 
ftndmg his knowledge autiqaated, or must in the menu time., at a great waste 
of labour, learn every new fact as if it were a new principle. By con- 
tenting to the labour, bonever, of iicijuinng a sound knowledge of the 
most useful general priociplea, in the first instance, these discouraging 
alternatives will be avr«ned, and a clearer conception of the subject will be 
formed than can ever be acquired without such a preparation. 

We are uot very certain that the whole of our readers will see the drift 
ot these profoand remarka, bat they are intended to inculcate the adviuitoge 
of the acqoiiitida of a fe* of the more naefUl tcientilic pnnciules involved 
in the preteoi enquiry, ao as to serve as a thread uiiou which scattered 
flwta may be slrung, and to constitute a key for the resolution of all new 
caaes tlial may mrvm in practice. Of the value of any great profundity of 
•oiencv to the engiiMer we are by no means confidimi ; and indeed we 
think its operwtioo decidedly iqjurious when it ussames the functioiu — 
as in nnbalaaoed minds it geocrrally will — of the judgment and imagine 
atioo ; tor a man beeomea then a mens calculating mochme, and ia leas com- 
petent to contend with new dilBcuitiei than a person who is wholly 
uiiuiniritined. Hut mich a pr<i|^H>rtit)u of Mienoe as will facilitate the 
o|Mrreiioii«<»rihe imagination, inntead of quellmg them, every engineer oui;bt 
to endeavour to acquire, and shiiuM resist the prediiectioM tur what tie 
term* prnotioul knowMfre until the difficulties of the preliuiiiiary or 
scieii' ' been surmounted. 

(> 1 the application of boilers to the purpose 

of s;^...r...-> .;..;.. K..^.u^^ _.:^uugh neceasarily lying at the loot of the 
RMM importntt bnacb of oar g WM ml oal^L, there u much Icaa to be said 
tknn ml||lit at flrat view V oxpeele^ lliia mainly arisaa from the fact, 
that, for more than half a century poat. maoh Icaa pregrem baa been made 
in this than in any other department of atnnm tngmc pnetice. It is true 
tkera baa been no lack of attention to the subject, either on the part of the 
pnUkf or of engineers, nr uf scientific writerit in this and other oountiies; 
00 tlw eentmry, the iulerest, or rather excitement. erc«u*d by the great 
•dwooa Bade hi tho npplkMUiao of steam aoioDot to locomotion by sen 
and laad. and aO bat attempted "tbrmgb the fields of air." together with 
tlw eoBtamporaiMoas improvements actually effected in marine and loco- 
motive boilcts genenlly, have given a mnrvetloos stimulus to ihe inquiry. 
Neither is It to the want of countless ingenious schemes by cuuutlesai pro- 
Jeetom, and of which tlie records of the patent offieea exhibit but an in»ig- 
aifleaat portMM. that this penury of improveeaent ia to be ascribed ; but it 
ia osriag to the very bi^ degree at pcrfcction to which the genius and 
aagncit^ of Jamaa Watt brongnt the praetioal aolntioa of the prriblcm. thua 
narrowing the limits within which brther advances were possible. 

The principles on which Mr. WsttdetigiMd his well-known waggon-head, 
or <- ' M'*''^ boiler, are obvioasly few, and of extreme simplicity. 

Tb" > wen> fiilly carried otit by him previous to the year 1790; 

Hid f> niucn »tii nne attended their applicauon in practice, that the general 
form of tba wacfoe bailer (br similar pttrpoaes to thoae to which he applied 
ill ii rtiU doatly adb<fw«d to in thii e<iuatr> ; and except in special cases, 



where the engine requires to be worked under different conditians to tboao 
which moet generally pr<;vailed during his lifetime, never has any coiuider> 
able departure fh>m this form of boiler been Justified by the re«ulL Thin 
opinion we confidently place on record as resulting from deliberate convic- 
tion, founded on a practical acquaintance with all the new forms ot boiler* 
produced for a senes of year« psst that have had sufficient merit to outlive 
the ephemeral popularity which waited upon their iuTentioii, or so as to 
come into a fair competitive practice with the more ancient contrivances t 
and these novelties have been neither few nor unimportant. We know of 
no steam engineer of eminence, nor any steam eonne manufacturer of 
celebrity, who has not at one time or other tried his hand or puxxl^d 
his head with attempts at improving the waggon-shaptd boiler of Boutton 
and M'att, not even excluding the present firm of Boalton, Walt, and 
Company, who, in this ri-tpect. have been not much less cnnspienooa 
than utbcts. It is sometimes observed that when young men of inventive 
genius, or even old men, if )oung engineers, first take up the study of the 
steam engine scientifically, they are apt to feel in a manner profeMionally 
scandalised at the rude simplicity, not to say clumsiness, of the comnjuo 
waggon boiler. Looking bock imo (he history of the sicam engine, they 
also see that it is apparently only one step in iraproremeni beyond the old'- 
f.ishioned " hay -itai'k " or '* tea-Wctttlc " boiler of Smcaton ; and overlnok- 
ing the pammoant importance, in the infancy of any art or seieKce, <}( even 
only one step in the right direction, they naturally look with Mmie degree 
of contempt on the unwieldy antiquity, and think it a very small matter, 
or an extremely easy tasli, to contrive a better boiler than that of Wsit. 
Ileni-e the usual observation and belief with such parties is, that the SDbjrci 
of boilers is yet but in its infancy : when, however, they do <. 
necessary to set about the business in earnest, we conimuul^ 
notians a good deal akin to those of the schoolboy for iniprnvin^ '^^^ . , .. ^ 
Elements, only that th« latter never dreams of palmting his iraprovetneuta. 

It is cot, however, to be understood by these remarks, that we maint^a 
the waggon-boiler to be the best under all circumstances ; for nobody can 
suppote our approbation to extend so far tliat we should reconunend lit 
application to a steam vessel or locomotive engine ; but for the ordinary 
tues of land en(pnea working with a moderate pressure, we think It pre- 
ferable to all others, and we are confident that for such purpot^s it will 
long retain its supremacy. It is true, indeed, that a marine boiler of the 
ordinary construction and of the same dimensions is soirewhat more 
eoonouucal in fliel ; but then it costs a larger sum in the first instance, and 
is not re|>aired with equal facility. Of the Coniish practice of eTn;itn<rlnc 
a large fire-grate and a large heating surfiice, we think vtry ^ • 
in situations were coal is dear ; but it is not wise, in our judgmem 
these expedients universally ; for if Ina coal be burned there i> a j^micr 
capital invested, a boiler on that plan being necessarily hirg«r and dcuvr, 
so that the saving in such case is only apparent Some people fawkgine 
that there is some peculiar virtue in the Cornish plan of boiler, that leads 
to its boeated economy ; but with the same amount of surface we find it 
to be less economical than the ordinary marine boiler in common use. and 
we have no doabt than the waggon form also. At the Blockwall railway 
a set of marine boUera are placed beside a set of Cornish boilere with the 
same amount of surface, and all other circomstances as ni arly aa poscihie 
identical ; and repeated experiment has shown very conclusively, that the 
Cornish boilers ore the leiut economical of the two. Our approbation, ilier«- 
fore, of the waggon-boiler is in no wise shaken by the results attained in 
Cornwall, and it amounts to this, that taking into account all the cirrum* 
stances which ought to influence a selection, the old waggon-boiler is the 
moat eligible fiir low-pressure engines in situations where coal doc* aot 
riae to a minout price. 

Amongst the cai>es to which we have already referred in this general 
absence of improvement in the forms of steam boilers, two of them wtQ 
readily suggest iheuselvea to the reader as being much more impoctaat 
than the resL The prodigious progress of tocomodve engineering, both 
railway and marine, necessarily involved great improvements connected 
with boilers; and those branches of steam engineering, therefore, stand ia 
strong contrast with the almost stationary predicament of the ordinary 
laud uuicbineni- of Watt. There is, however, another case which rciiuirva 
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deviation from tbe form of the waggon boiler, and which ipringi 
Arora the great odvaatage of working steam engines in curtain cases expao- 
■ively to a greater extent than was considered expedient in Mr. Watt's 
time, And the consequent employment of a higher pressure. Accordingly 
greater strength is required, and we find that all tbe real improvements in 
stationary boilers that have been made of late years have taken this direc- 
tion. Much more ha.s necfssarity been done in this waj hy CoDlinental 
or American engineers than in this coantry, the comparatively low price 
of coals here luakitig such improvements of much less importance to as. 
Foreign engineers have also made greater deviations from the propor- 
tions observed by Watt in respect of capacity and beating Burface; but, as 
will be shown hereafter, boilers have been uniformly less efficient and eco> 
nomical as such deviations have been greater. We shall also find that, 
apart from the questions of ttrength and applicability for working with 
high-prensure steam, we have in the practice of Watt not only llic best 
form of boiler as a recipient of heat and generator of stoam, but also ex- 
amples of very nearly the best proportions between its different parts that 
haTc yet been devised. 

Tbe reasons which have fbr so many years well-nigh excluded every 
candidate for improving npon tbe common Boulton and Watt waggon 
boiler from almost anv chance of success, are not difficult of discovery, 
and demand some consideration. With this view, let us imagine one of the 
simplest cases. Take a common pan or boiler for any purpose requiring a 
large quantity of boiling water, say, for instance, an oblong rectantrulariron 
vessel ; let it be nearly ftill of water, aad supported in a horizontal position 
npon two parallel brick walls built in a longitudinal direction, extending 
the whole length, and forming a chamber open at each end, nearly the 
whole width of the boiler. Directly underneath this boiler, and cli«e to 
one end. place a furnace or fire-grate, about aswide as the chnmber will admit, 
and of such a length as will allow of the fuel being sap{ilii>d and niansged 
with facility. I^t tbe lengtli of the boiler h* such that when the current 
of flame and hot air proceeding from the ignited fuel on the grate is con- 
strained to pass along in contact with or to act against its under surface, the 
beat produced will be in a great measure absorbed by the water, and in con- 
sequence, the smoke so far reduced in temperature as barely to retain suf- 
ficient buoyancy to etiable it to ascend tbe chimney, which we «holl suppose 
to be placed a little beyond the end of the hniler. I'h', without extending 
the boiler to an inconvenient length, should (here still be suppo&ed to be 
more heat Iflft in the smoke under certain conditions of the lire than is at 
any time necessary to create a safficient draught of air through tbe grate, 
let there be two side flues through which the current of hot iiir and smoke 
is maile to pass once round the boiler, and thereby communicate with tbe 
addirional hcatios; mrface exposed by its sides, previous to entering the 
ehimney ; the effect of this arrangement being of course only in dimioish 
the otherwise necesaary length of the boiler in propordon to the depth of 
its sides. 

This description of boiler, for any ordinary purpose other than that of sup- 
plying a steam er>gine, and consistent with a moderately efficient application 
of beat, is perbajis of as simple a kind as can weU be conceived ; and we 
have only to enclose a sufficient space above the surface of the water, as a 
receptacle for the steam, to give ns at once a general idea of the oblooi; boiler 
adapted by Watt as a type or elementary principle of construction on which 
to form his waggon boiler. Now, as the tower part, or water chamber, of 
the boiler requires a considerable extent of heating nu-fnee in proportion to 
the quantity of water it contains, and the apper part, or steam chanil^r, 
requires the least possible extent of cooling surface, enclosing a certain 
capacity for steam, and at the same time covering a certain area of water 
sarface. it follows that we must have, as the nearest possible approach to 
all these conditions, evidently some kind of oblong prismatic fiijure joined 
to a semi-cylindrical top ; and such a figure, with its base bent upwards to 
an arch, and its sides slightly concave, we find in the ordinary woggon- 
ihaped boiler of Watt 

The arched forms of the bottom and sides of the waggon boiler are not, 
as is sometimes erroneously supposed, given solely for the sake of ad- 
ditional strength, as tbe want of proper abutments to the arch, renders 
Ihcm only very slightly available for that purpose ; and it is an easy thing to 
prove that preater strength would he obtained if made the reverse way, or 
convex outwards, instead of concave. Great strength, however, in a low- 
prewnre boiler working at only two or three pounds above the atnwsphere. 
IB not an object of much consideration i bat there is another very important 
matter to be considered; and that is the position of the heating surface, at 
retpKta iht Jhe-gratt, or as a recipient of heat, and also as respects the 
contained water, to which the material of tbe boiler conducts that heat in 
order to generate the steam. 

.As on the proper arrangement of the heating and generating surface 
it is certain that the excellence of all kinds of steam boilers, both in respect 
to durability and to economy in fiiei most materially depends, we shall 
here endeavonr to give such a popular investigation regarding it as we 
hope will serve in some measure as a first ItsKon or key to the art and 
mvftery of boiler designing, as well ns enable the student to appreciate the 
mi'rils of the common waggon-shaped boiler. 

VVlih regard to the Ivoiler bottom forming an arch over tbe fire, one 
reason for this constraction is very obvious : the heattDg tnrface within a 
given width between the side walls of the furnace is hereby increased ; 
lad although this may also be said of i cyltodrical boiler, where the arch 



is downwards, yet in the former the fire and flame are more enclosed within 
the water, and so far jjrevented from being expended on a large area of side 
■walls to no useful purpose. The main reason for this construction, how- 
ever, may be taken to be as follows : — The tire-grate is generally borizantal 
in its cross section, and tbe fuel being generally spread equally thick 
on the bars in that direction, it follows that the temperature of the furnace 
chamber, so far at least as it depends on the radiation of beat from the red- 
hot cnal, must be somewhat higher immediately over the middle of the fire* 
grate than at its sides ; and the effect of the heat thus given out by the 
burning fire against the boiler bottom, supposing the latter to be disj oF..-d 
horizontally across, will be gradually diminished from the centre towards 
each side, the elfect in all cases being directly ns the temperature of the 
snr&ce of the fuel at any given {wiat, and in the inverse ratio of ftje 
square of it* distance from the boiler bottom. Provided we knew ihe 
exact low of the decrease of temperature from the centre to the sides of th« 
mass of the fuel, we could then easily obtain the true form of tbe curve 
describing the arch of the boiler hottutii, so that the eff'ect of the heat 
given out from a lire of uniromi thickncM woiiid be equal over alj parts 
of the heating surlUce, which would uoi th^n he liable to be unduly acteid on 
or overheated in one part more than another. Altboagh any abstruse de- 
termination of this is not necessary here, it having been long realized in 
practice to a much greater degree of perfection than it is possible to ocqiure 
in keeping the fire of a onilbrm thickne.u, it may, nevertheless, be useful to 
give a short illustniliou of the erroneiius principle of the contrary practice ; 
that is, of ari-hin;; the boiler bottom downwards, as in common high-pressui% 
or cylindrical boilers. Suppoiting then that tlie temperature of the burning 
fuel is no greater in the middle than at the sides of the grate, and aMiuming 
the average distance of the surface of the fuel below the boiler bottom to \>e 
six inches, — say five inches in tbe ceutre, and seven at (he sides — a very 
common cose, — the effect of the radiated heat against the central iKirtioii of 
the boiler bottom, compared to that over the sides of the furnace, will tlien 
be as the fractioual numbers ^ and ,',, or nearly as two to one ; and this 
great disparity of effect is of course still farther increased by the gretter 
heat of the fire at the middle of the grate. 

I ndcr such circuinftances we need not to be surprised at the very great 
liability of tl.e bottom plates of cylindrical boilers to become gradually over- 
heated und iinally bnnit out, while those towards the sides are very little m- 
jured. In waggon boilers, it is true, the converse of this does sometimes i;ike 
place; that is, the seating plates, or those iinnicdiately afyoiuing ihcni, are 
found occasionally to deteriorate and become injured sooner than those in the 
crown of the toiler bottom. But this result only corroborates the truth of 
the general principle wc are contending for; at the same time proving the 
necessity of attending to those apparently unimporiaot mechanical details 
so commonly overlooked by the scientific engineer; for the defect always 
arises either f^'om the crowu of the arch being too high, or by having the luel 
too thick 00 the bars, so that its radiating surface is too near tbe sides of tbe 
boiler bottom I or otherwise in consequence of (he fire-grate itself being 
placed too high 5 whereas no situation of the grate whatever can prevent 
the injurious action of the fire against the inverted arch of a cylindrical 
boiler. 

The manner in which the position of the heating surfhce affects the 
gfitemtitm of the stcum, is best understood by considering that it can only 
be by .t certain tendency to overheat, or — to use the imire ambitions language 
of philosophical theorists — to overcharge the substance of the heating ar.r- 
face with caloric, (hat any heat can he imparted to the water within the 
boiler; and the greater the tiiffercnce of temperature between one side of 
the boiler plate and the other, the more rapid uugbt to be the coiiimunira- 
tion in order to preserve the latter uninjured. Now, if ioBtead of tbe 
heating surface beiog in a position approaching to the horizontal over the 
fire, ns described above, let us suppose it to In; placed in a perpendicular 
rlirection with respect to the fire-grate, and let us farther suppwe the 
burning fuel to be m immediate contact with il. as in fact it iisualiy is, in 
most of those boilers with iittemal furnaces, such as marine and h>cimiolive 
boilers, und in nil tliosi- call<<d five-box boilers, — the effect then must he 
that all the particles of waterthntcome in corjiact withiberiwiV/eoftbishviiciag 
Buiiace, or gi-nrrniiny surface, which are convened into steam, will rise to 
the surface of the water; and by doing so, if in sufTicielil quantity, they fonnt 
coiittnually a.scendiog current or thin stratum of vapour, inlerposiug ittelf 
between the water and the plates of the boiler, thus creating two evils at 
once; first, the preveElion of a sufficiently rupiJ transference of the heat of 
the plate to the water, excepting only at the lowest point of the effective 
heating surface, where the fire is in immediate contact with the plate, 
thi-reby diminishing the evaporative power of the boiler; and secondly, tlie 
cflFi'ctual prrventiuu fif all proper access of the water to those portions 
of the generating surface immediately above the heated point. The philes in 
those parts are therefore sure to gel overheated and burnt out in a coni- 
paralively short time. This is in fact precisely what takes place in 
nearly all fire-box boilers, and, to a ceitxuD exieat, in alt boilers that have 
inieroal furnaces or flues with J?a< tides. 

The above reasons for avoiding as much as possible the necessity of 
pluciiig any very large proportion of the htuiing or generating surface 
cf a bnilcr in a venical position, apply with still greater t'nrce against 
the very common error of placing any important part of that surface in a 
position declining from the vertical towards the water, instead of towards 
the fire. And as the pfedicament is that in which the lower half of nearly 
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•II inunial tubnUr does are p1ac«d. great caotion ought to be used in rc- 
aoitJng to them. After the flawr luu expeoded itielf a^insT a boiler 
bottom of tiuRicient area, aod g^ine once round the tidei, it is a quettion 
xrith many, whether an intcmul flue duel not do nearly at much barm ai 
good, and Oiey therefore n-ject it altogether. Some engineers, indeed, 
recnramend that the bottoms of all internal tube* should be covered with 
fire-brick, or a coating of cement or other nonconducting substance ; and 
they ataert that, in practice, the eraporatiTe power of the boilers so treated 
hare not Ih-cd appreciably diminiahed. This much at least is certain, 
that in calculatiug the amount of heating surface of a boiler, the area of 
the bottoms of the internal flue-tnbes ought never to be taken into the 
account. 

The main conclusion we wish to be drawn fW>ra the foregoing, at pre- 
MDt, if, that the general principles which ought to gnide us in arranging 
the heating iur&ce of a steam boiler are, — to have as much as posoiblu 
of that surface top surface, so that the flame and heated gaites may be 
naturally disposed to impinge with the greatest effect against the under 
side of the body of the water required to be heated ; — to endeavour to 
have as small a proportion of vertical side-surface as the necessity of con* 
itroeting a vessel to hold a ^iven quantity of water will permit; — and lastly, 
to have a still lesa proportion, or if possible to avoid altogether the use of 
heating surface aiuier thtfirt, inch as bottom flae sorikce. 

OK ESTIXATIiiO TH8 XVSFOBATITE POWER OF BOtLUS. 

Preparatory to entering on any particular description of the different kin ds 
of boilers, it is necessary to advert to the different modes of measuring their 
genertLl heating aar&cc, in order to apportion the evsporative power of the 
boiler to any given unit of that surface. Leaving out of view, for the 
present, what has been, we think erroneously, considered an anomalous 
case, that of the Cornish boiler, nothing connected with the data for boilers 
seems more clearly established by experience than this, — that, in ordi* 
nary circumstances, it requires from four to six square feet of bottom or 
nnder-anrfiuK of a boiler to be exposed to the action of the fire and tLune 
10 hoil off one cubic fool of water per hour, taking the superficial area of 
the sorftee of the water in a waggon boiler as always proportional to, and 
generally not mncb different <h>ro, the bottom heating surface, and adding 
thereto the area of the top of the inside flue, when there is one, as being 
Mual to BO mach additional bottom surface, this proportion may he confined 
within more restricted limits, or from 4^ to b\ square feet for each cubic 
fbot of water evaporated per hour. This proportioa coincides generally 
with what we find enforced in the greater number of tha aathors who have 
written specifically on the subject of boilers, bowevtr they may have 
differed on other points, — including Farey, Tredgold, lArdner, ^mutrong, 
and Roasell ; but above all, in our estimation, it coincides with the practice 
of Boalton and Watt ; and we can see no reason whatever againit applying 
it generally. Indeed this dogma, as it has been called, already bids fair 
to become ihe rule with all practi«U engineers ; nothing in fkct being more 
common than to find land ooilera proportioned at the rale of five si^aare 
feel of water-suriac« per korm power, aasamiog the Utter to be always pro- 
duced by thfl enpontioa of a cubic foot ti water. 

Much iiiiniifiiisarj- eoBtempt has beenatteaptedtobe thrown by tome 
writers upon the disciples of Watt, on the ground that the question of the 
holler, M well a* of the fkimacc, is purely a "chemical question," and that 
cngioMta have ignofwitly occupied themselves with the measarement of 
■nrftoea and c^neitiea, when they ought to have been thinking of hydrogen 
oxygen, and carbonic •oxide. No doubt the semi-chemical operations 
earned on in the fUmace and boiler are the first things to be attended to ; 
but every engineer well knows that with a given quantity of fuel a certain 
nr«a of heating surfisee Is as necessary for producing steam, as a certain area 
of piston is to produce power from the steam so generated. 

At some risk of being charged with a pnjudiced sdherence to the prac- 
tice of Roulton and Watt, we shall here repeat the maxim, that the bottom 
of inside flues should ne^cr U- reckoned u available or effective beating 



surface; aod the proof i*. that by leaving this element oat of the cal«ula« 
lion we always get results more nearly uniform aud approximating to th« 
results of experiment, which we never do otherwise. In giving this injunc- 
tion, we may also state our strong conviction, that it ought to be extended 
to the whole of the lower half of circular or elliptical flue tubes ; fbr in 
this way only can the many discrepancies relating to the Cornish boiler nad 
its various modifications he reconciled to the known effects produced. 

The only remaining pan of this subject, in which there is any differeae* 
of opinion amougst engineers that there seems any difficulty in settling, ia 
how we should calculate such portions of the heating snrlkoe aa are 
very nearly or perfectly vertical. Now, seeing that Boultoo and Wstt, and 
all other successful boiler-makers, have carefully abstained from having 
very much flat or vertical heating surface, aod knowing that boilers whiofa 
have been made with u large proportion of vertical sur&ce have very oom- 
inonly failed, we propose to deal with the small quantity of such aurftee 
which may possibly be indispensable to the constmctioa of otherwise good 
boilers by divuUng it etpiallj/ ; that is to say, by considering one half of it 
OS equal in effect to the ordinary bottom heating surfkce of the boiler, and 
the other half as non-effective in producing steam. Thia splitting of the 
difference in the absence of any other mode of settling the point enables 
OS to enunciate a rule which will be found to agree Terjr closely in its 
results with the practice of the best cn^neers. 

arLE FOR MEABtTHINO TOE nKATINO BCRraCS OF STKAM XXOCrK BOtLEM. 

All horiiontal heating sarfkce. and all snch portions of the heating sn il he» 
as incline towards the fire or flue at a sufficient angle to enable the stem 
to free itself-easily from the generating surface inside the boiler, must be 
counted as effective beating surface to its fiill extent 

All vertical heating surface, and all such porticms of the surface as are so 
nearly vertical that there cannot be any doubt as to the steam fhreing itself 
easily from any small asperities of the generating snrlhce, most be taken 
at one half of its amount only as effective heating surface, and added to 
the other direct effective heating surface, as before found. We need 
scarcely add that the horizontal or nearly horisontal bottoms of inside 
flues, and all other portions of the heating surface that decline from the 
fire or flame, and towards the water in the boiler, must not be counted as 
healing surfkce at all. 

It is common to proportion the aggregate surfhre of waggon boilers after 
the rate of about one third of bottom to two thirds of side surface. Thus, 
if the total heating surface be at the rate of 1 5 square fet>t per horse power, 
we have 5 feet bottom, and 10 feet of side snr&ce, which is equal to other 
i feet of bottom sur&ce, making together 10 feet per horse power of 
effectief beating iorlhce. Boullon and Watt's practice, it ia well kiMwii. 
gives the proportions of side to bottom surface more nearly as 7 to 3 -, aod 
their total beatiDg surfkce (ercliuwt of the bonom of the inside flae) is 
abaat IS square feet per horse power; whilst other engineers give a little 
more, some at high as 15 square feet (induding the bottom of the flue). 
Between these data it is not difficult lo fix on the mean, or 1 .'U. aa a numbCT- 
most likely lo give as an average of the best practice. This number, on 
the ssmc mode of calculation as above, will give us 9 square feet of effective 
beating sarfhee per horse power in the larger class of boilers, sa will be 
seen by reference to the plate of Boulton and Watt's boilers, a summary ef 
the particulars of which is given at p. 'nH. 

We of course reoommeod tliis number aim! to be used as a divisor tat 
the horse power, although it is evident that it must be sul^ect lo naeh 
▼nriation, according to qmility of fuel and other circumstanoes. It ia 
material, however, that whatever number be taken as a divisor, it should 
be applied to the effective heating snrface, as set forth in the above mle, 
and for the reason already stated, iliat no other mode bilherto proposed is 
ibnud to give meh naiform results when applied to different species of 
boilers. It is neeeaaary. in n>ading the»e remarks, lo discriminate between 
the surftces of the boiler and the butiom of the flue, fbr the former is 
effective heating tor&c«, and the Utter U not. 
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It is, of coarse, impouible that we should attempt anj cnameration of 
the Tarioiu kinds oftteain engine furnaces that at different times have been 
'broogfat before the poblic, for their name is legion, and very few of them 
have approved themselves of any utility : bat we shall give a brief sketch 
of some of the principal examples. The purpose of all these schemes has 
'been to consume the smoke generated in all ordinary furnaces in which 
bituminous coal is burned -, and althoogh the means by which this is pro- 
posed to be doQe are diverse and ioDUjaerable, yet the whole of the plans 
may be roughly claaaed under two general heada. In the first of these the 
UBoke is proposed to be burned bypassing it over or through a fire or other 
mcandescent substance, and in tlic second the same end is proposed to be 
attained by admitting a stream of air into the flue or furnace, by which the 
combustion of the inflammable parts of the smoke may b« effected. Each 
vt these methods, however, prcsames that there is enough oxygen mingled 
with the smoke for the purposes of combostian, bat in the one case the 
aeoonry supply of air has to make its way through the fire — which it can 
etuly do if the fire be thin, and the draught vebemeiit — while in the other 
cue an orifice is specially provided for its admission. 

One of the first schemes for the prevention of smoke is that of Papin, 
vho proposed to make the smoke descend through the fire^ — the necessary 
draught for that purp<isc being maintained by means of his centrifitgat 
blower, This is a very feasible scheme, and one which we are convinced 
vould be found effectual if carried out judiciously in practice, but the im- 
pediments presented by the coking of the cool and the absence of an 
cSeetnal exhauster has hitherto prevented its success. This scheme was 
revived by Delasme, and was afterwards carried into effect for house stoves 
by Franklin, but various inconveniences attendant on the lighting of the 
fire, and other technical points, has prevented Franklin's stave fhiin 
reaching into any considerable adoption. 

In 17*5 Mr. AVatt took out a patent for obviating the smoke of steam 
engines by placing the coal ia an upright conical tube or hopper fixed in 
the brickwork of the boiler, tmm4.-diatclr behind the Aimace door, and 
causing a stream of air to rush through the fiimace door for maintaining 
the combustion. In this plan, there are no fire bars, but the fire rests 
npoQ a brick arch, and the whole of the tur that reaches the tire has to pass 
throogh the coal that has not yet entered into combustion. By this means 
the giMS, evolved from the coal by the application of heat, mixed with air, 
are passed through and over the ignited fuel, and are thereby consumed ; 
or they may be passed throagh hot funnels or pipes which will accomplish 
nearly the same parpose. Tbu plan, though ingenious and in one sense 
successful, was relinriuished by Wott, on accoant of the diflJculty of dealing 
'with caking cool, which hy its concretion prevented the due admission of 
the air ; and he adopted in its stead the plan of a dead plate between the 
fhraace door and the iire bars, upon wliich the coal is first coked, and is 
then pushed back upon the bars to undergo combustion. This plan, 
which ia still used by Messrs. BouJton and Watt, is very effectual ia pre- 
venting smoke with careful firing : we give a drawing of it as at present 
used by Messrs. Boaltoa and Watt, in another part of the present 
chapter. 

In I79G, Mr. William Thompson of Bow Lane took oat a patent for 
eoDSoming smoke by admitting a atream of air behind the bridge, which 
appears to have been the first plan brought into n^e on that ^irinciple. 
The^ame species of fnrnace was afterwards patented hy Sheffield, Greg- 
ton, and others with trivial vsriaiions, and during the last few years a host 
of patents have been taken out for this kind of furnace, some of them under 
very unpo«ing names, but none of them can be said to have been successful. 
One great unpediment to their success has been the difficulty of apportioning 
the quantity of air admitted to the varying wants of the fire; for after the 
Ainuce has received a charge of coal a greater quantity of smoke is pro- 
daecd than at other times, and a considerable admission of air becoipes 
neeeHary ; but if the air valve be regulated so as to supply this quantity, 
it will supply too much when the smoke has passed away, and unless a more 
•edoloos attention be given by the fireman than can be expected in practiea 
the quantity of air admitted to the fiimace will generally either be too great 
or too little, and a defective performance must therefore be the coDseqnence. 
Some of these £acis we believe we have stated already ; but it is necessary 



to repeat them here to explain that when the fire is supplied with coal by 
mean<i of .Stanley's fire-feeding machine, or any other selif-Bcting mechanism 
which makes the production of smoke uniform, it becomes possible to adjust 
the air valve with great nicety to the requirements of the fire ; and even ia 
other cases the due a<^ustment of the supply may be approximated to by 
means of a very ingenious mechanism invented by Mr. Murray of Leeds, 
and described in the London Journal for 182 1. In this plan the air supplied 
to the fire for burning the smoke passes through a tube fbrnisticd with n 
throttle valve, which valve is opened by an attachment to the furnace door, 
and closed by means of a vane wheel, like a smoke jack, tDserted in the 
mouth of the tube, and which is moved by the current of air passing through 
the tube into the furnace. Wben therefore the furnace door is opened and 
a charge of coal put upon the grate, the throttle vaK'e is opened by its con- 
nection with the furnace door, and a sufficiency of air enters : hut the 
entering air, by turning the vane, gradually closes the valve as the genera- 
tion of smoke diminishes ; and by a proper B4jasnnent of the mechanism 
(o the quality of the coal employed and the quantity introduced at a time 
into the fumnce, a very nice regulation of the air may be accomplished. 
At the same time it most be stated that furnaces which admit air into Che 
flue or furnace, even when provided with a mechanism of this kind, have 
not been successful in practice. Mr. Pritchard of Leeds, in 1821, proposed 
to accomplish the same end as was attained by Mr. Murray's mechanism, 
by means of a piston descending by gravity in a cylinder of air, the piston 
forcing out the air through a small orifice. The desired effect, it is obvious, 
can be produced ia many ways, which will at once occar to oitr readers, 
and which it would, therefore, be superflaous to describe. 

An experiment a short time since was tried at Soho, with the view of 
testing the efficacy of C. W. Williams's Argand furnace, as; it is colled, which 
is a furnace for burning smoke by the admission of air into the flue by a 
number of orifices, or for accomplishing the chemical combination of the 
gaseous constituents of cuol with the oxygen of the atmosphere, as we 
suppose would be the definition in Mr. Williams's pompous phraseology. 
The ordinary boiler in use at Soho was fired with one kind of coal for a 
period of four months, and the effect and consumption were carefully noted. 
Mr. Williams's improvements were then applied, and with the same kind of 
coal, the same man firing, and alt other circumstances as nearly as posstble 
identical, the consumption, Messrs. Boulton and Watt inform us, was 
nearly a pound per horse power per hour mare than before. The furnace 
in its ordinary form, which was with a dead plate fitted before the Aimoce 
as in Messrs. Boalton and Watt's usual plan of land boiler, produced no 
smoke ; whereas after Mr. Williams's improvement a good d<;al of smoke 
was sometimes produced, though nsoally there was none. 

One very ingenious method of consuming coal so as completely to obviate 
smoke consists in lighting Che coal on the top ; and a contrivance known 
as Cutler's grate was tome years ago introduced far accomplishing this 
object in the case of house fires. There is a difiicnlty, however, in mtro- 
ducing f^esh coal beneath the ignited mass, and the plan of a piston for 
raising it up to the fire is inconvenient. In 1815 Mr. William Moult con- 
trived a furnace on this principle, in which he brought the flame over the 
coals, the coals being laid upon a dead plate ; but it does not appear that 
this plan hss met with much encouragement or saccess. In lii\5 Mr. 
William Losh nf Newcastle took out a patent for a combination of double 
furnaces ; in which, by a miteble arrangement of dampers, the smoke from 
one of the fbmaces was made to pata into the ash-pit of the other ; and 
mixing there with the atmospheric air, and B.<icending through the fire, it 
was consumed. The iiimaces were of course fired alternately, so that one 
was bright while the other was smoky. This is one of the most effectual 
methods of contuming smoke that has yd been contrived, but the shifting 
of the dampers is troublesome, especially as they require to be strong and 
heavy, Co withstand the heat 

We pass over the plans of Robcrton, Johnson, Porkes, Coombs, Stretton, 
and a host of others, as there is nothing in their schemes of much novelty or 
utility, la the report of the Smoke Committee of the House of Commons 
of 1819, a plan is given hy Mr. John Walker, junior, of an engine furnace 
with a coke oven attached ; the design being that the cool should first be 
coked in this oven, and then transferred to the grate to be consumet^ 
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Thi* Mheme m not rery practicable, bat ire belJere (omethiog of the kind 
U now being revived by a French engineer at Manchester, the det&iU of 
vhich may be such aa to give it a better chaiice of succeM. 

The two moat important pr^jeeta in smoke-btiming funiacea appear to 
be the revolving grate waaUy known aa Bmnton'a and Stanley'* fire* 
fbeden, which laat are inach employed in the mannfacturing districct. 
The revolving fumice was deacribed by Mr. John Steel, of Dartmouth, 
before the Smoke Committee of the Houae of Commona in 1819, and in 
December of the aame year the plan waa patented by Mr. Brunton ; to that 
it does not appear very clearly to which of these mechaniats the invention 
is due: but, whoever be the inventor, the plan is the beat, in oar opinion, 
yet deviaed for obviating ttnoke. and, if applied judicioualy, can hardly fail 
to be productive o( an iinporiani ccrmumy. Stanley's plan, which waa 
patented in li'2'i, consists in the a|ipiication of a hopper to tlie furnace into 
which the coal is thrown, the nt-rk of die hopper heiag furnished with 
grooved rollers put into rrvolation by the engine, which seixe the pieces of 
ooal that exceed the size regulated by the distance asuitder of the rollers, — 
and which may be adjusted by a screw, — and drop them oa an iron plate 
nndertieatfa, from whence they are projected by an amagemeat reaem- 
liling a revolving Ian, which scatters the pieoea eqnally over the fire. The 
gearing, which gives motion to thJa ■pparatm, U w eontrived, thai as the 
enffine becomes quicker iu effectiTS apced beoomes lesa, and the quantity 
of coal supplied to the fumare, therefore, just comes up to the demands of the 
engine for steam. A drawing of this machine, as applied at tlic present 
time to boilers in Lancashire, will be given in one of the plates of the 
preaent work, which will moke the nature of the apparatus more intelligible 
than the most elaborate description could hope to effect A sketch of the 
revolving grate in its present improved form, as applied by Messrs. Boultua 
and Watt a year ago to the steam fomaccs of the Bank of England, is 
given at page 52. of the preaent work ; and w* must reaerve what we have 
to aay farther of the cootrivanee in questioa until we come to th^ dcscrip- 
lion which that representation demands. 

In 1824 a patent was taken out by Mr. Humphrey JeSnj, of Bristol, for 
a plan of condensing smoke aud metallic vapours by means of a shower of 
water, which has been introduced with success in many cases in practice. 
In order to carry into effect this plan, it is necessary to have two or more 
ehimneya, each closed at the top, and connected together by a cross flue at 
the top, so aa to form a combination re»erabling the Greek letter n Cpi)> 
The smoke or vapour ascends one of these stalks, and passes into the upper 
part of the other by the horisontal flue, where it meets a shower of water 
descending from a tank on the lop of the second stalk, by which it is 
carried downwards, audit passesoffwiththe water into a drain. Wedonot 
think it necessary to resort to this plan for the destruction of smoke, as we 
think that end attainable by more economical means ; but we think the plan 
is one of much value for condensing the insalubrious vapours of vitriol 
works, copper smelting fomacea, and other such manubetoriea of asthma, 
and that its use should be made eonipuUory in such cases. Several newly- 
fledged p ryje clu fa have been endeavouring, we find, tr> attract the public 
■ttMtkm to tlos plan under some unim^xirtant mixlilioatioai, by prvlending 
tliat it iaanoveUy of their own device: but the plan is an old one, of 
which the patent has for some time expired ; and any one b free to use it 
who feels so dUpoacd. It will be expedient, in some cases, to make the 
•Boka or vapour ascend a stalk several times» or father to make it ascend 
••varal stalks in aueceaaioo, io order to receive in each returning atalk a 
flnaah ahowar of water ; and it ia important that the final exit of the gaaemia 
BatUr abooM be at tbi- tup of a Kiulk, wliich nuy be made higher than any 
of the othtrs. A good method of furmmg a combination of this kind 
would b« to eaoso tM soiokt and Tapoofa to traverse a aeries of upright 
Ino eyliadtn ecoiMeted alternately at the top and boctoai, with a shower of 
VBIOT ia eadi dsa cca i iTi g ejUnder, and the last one might be carried to a 
iafllsiaat olcvatiaa to eosaQtute a chimney. 

In IH34 Mr. E«ana, of Queen Street, Cheapaid^ took out a patent tar ob- 
viating smoke by admitting steam into the nimace. This plan has been 
oAia tried .- it was iatmduced into the Ediabnrgh gaa-works many yeara 
•go by Mr. Kaamytb, nf Pntricroft, and baa since been revived by Mr. 
leiaoo, of Edinbwgfa : bat we do not aotldpaie that the plan of admitting 
cleaai into the fhniaoe or ash-pit will rtaeh any high mcaaareof saoecaa so 
Ibr as relatos to the prevention of smoke, tboogk tor other parpoeea its ad- 
nUaiioa DMv ia some caees be advaniaMovs. 

Of all tie pn^aotora la the Add of saioke-bnming there is no mon 
■asUaoM tetena than Mr. Joha Chaokr. Ue haa a gnat number of 
MtooM *r iifc iaiit kiada of fl t w aa t at aad, indeed, his plans vary ao 
fhsqaaadr, that it is diflcak to kaow what ihey are ; and we qaestioo 
whether ne is perfectly confident on this hewl himseiC. Mr. Chanter, we 
ahouki aay. is a person of a wavering dispoaition, the effect in many esses 
nf cxuberaui ingrnuitv ; but, howtrt-r this may be. we do not think any of 
bis plans ar* liWcIv Ui ajipruve ihciiiMlveaof moch utility in practice. Mr. 
Samuel lUll aixl Sir. J.».;|>li Wiiliaffls have plans for burning smoke by 
tlM admission of tmi air iiiio the flae or fbfnaoe, and Messrs. Drew. Rodda, 
•pad Mhen, have plans which nearly rs is m ble some of those that we have 
alftady described. Mr. Cheetham. of 8uley Bridge, accomplished the 
canbustion of the inflammable paru of the smoke by drawing it by means 
of aflu osrt of the upper part of the flue leading to the chimney, and sending 
it, mixed with atmospheric air, into the aah-pit, to ascend through the fiiv. 
Tba carbonic acid, which, by virtoe of iu specific gravity, occupies the 



lower part of the fine, is not returned to the fire, but paasct at oaet lo (be 

chimney, and thus maintains the draught. 

About four years ago certain contrivances for obviating sooke were 
applied in some of the veasels of the Peninsular Steam Coaapaay. which 
we may here explain. Fig. 30. represents the method adopted in the i 
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William Fawcett The whole of the ftimaces were arranged in paiia, and 
an opening was cut through the waterspace intervening between each pair 
of furnaces, aoas to i>ermit the smoke from the one to paaa through ajpipt 
fitted at the furnace month into the ash-pit of the other, and mixuig lAerc 
with atmospheric air, and ascending through the incandescent fteel oa tha 
bars of the secoud furnace, it was consumed. One Aunace thus operat ed 
aa a retort while the other acted aa a fiirnaee, a damper extending between 
the double bridges shown in the horiaootal section being cloeed wbaa the 
furnace received a charge of coal ao as to coorert it into a retort for the 
time being. Aa sono as all the gas was expelled from the c«al thus iatro' 
dnced the damper of this furnace was opened so as to convert it into aa 
active Atrnaee, and the damper of the other fiimace was elosed to be ia 
readiness to receive a charge of coal, and no smoke waa visible at tha 
chimney while this action proceeded, [t is troublesome, however, in praetiea 
to shift these dampers ; and altogether the plan is not so good as many otbect 
that have been brought under the notice of the public. Fig. 31. reprtaMM 
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the method of diminishing smoke introduced into the steamer Tagna. Twe 
Venetian bridges were formed of tiles laid at an angle about ttiree quarters 
of an inch apart, the bridges themselves being aboat a foot apart, whh a 
vacant space between them. Theae tilaa of oonrse became very hot by the 
flame passing between then t aad by keeping a thin fire on the ban, so as W 
enable a sufficiency of oxygen to find iu way through the homing fbd to 
aceomplish the oombnstitm of the inflaumaUe gasea dmrhtg their yaasMV 
bctveaa these hot sarikccs, the smoke was very eoaplele^ eatk^pdmo. 
The bridges were bnilt upon an arcb cloaed by a door, so as to enable a 
person to get into the fines without taking the bridges down. We thtak 
that a sacceasion of bridges of this deacription, with s furasoe lined with 
fire-brick, a good draught, thin fire, and very narrow fbmace-bar* widely 
set, would accomplish the combustion of smoke very completely. It woald 
be better if the tiles, instead of being flat, were seaiiciKsahu-i fbr th« htn 
cnrrrat would be thus made to reverberato ; and eooflictiag draa^Ma aad 
eddies have a powerful effect in aiding the eombnstioa of smoke. 
Fig. 32. repreaenu the furnace of Mr. J<^ Jnckea, the peealiaiity af 
Fig. 32. 




xtcsvi'i nmuT rt!«ii*cs. 
which eonsisu in placing the fViel on an endless chain situated betweea t»o 
rollers, to which a movement is given by the engine, and which reee i^ va 
the eoal at the furnace mouth, and delivers the clinkers and aahca at the 
other end of the fhmace. This we look upon as a good plan fas many 
reqwcta, bat the ncehaBiaiD, we fear, must b« expensive to keep in repair. 



The endless chain of fire bars and its sastaininf rollers are carried on a 
wheeled frame restiag on rails, no that the fire may be at any time with- 
dravn altogrtfaer from beneath the boiicr. The furnace door is of that 
dMcription whtcb slides up and down, and the degree of its depreMion 
TcfT^ates the thickness of the coal on the bars of the graie. 
Fig. 33. represents the fursace of Mr. Nathan Waddington, in which the 

Fig. 33. 
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bars arc arranged in two inclined planes, the coal at the upper part being 
■lowly coked previous to its descent up«m the bars ; and the space l*tween 
the central bars where the two inclined plans meet may be kept open to 
admit enough air to accomplish the combostion of the gases. It dues not 
strike ns that this fumiice is a xerj manageable one, and we do not find 
that it has met with any considerable adoption. The plan of firing at the 
aides, moreover, is soch as to be inapplicable in most situations. 

Fig. S4. represents the fomace of Mr, John Smith, of Kingstown, near 
Dttbinu in the form exhibited by him before the Uritish Association at 

Fig. 34. 
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Manchester. The boiler is constructed on what has been called the oven 
plan, which la without flues, and the flame and Kttioke pass from the 
fbmace into a large central chamber, where the intlanimable parts of the 
smoke, by being more thoroughly mixed with oxygen, which is also pre- 
sent, readily enter into combination. This plan of boik'r, however, is very 
objectionable, from its deficient strength ; and altogether we bave not very 
aangnine hopes of mncb benefit lieing realized by Mr. Smith's invention. 

Of all the smoke-burning schemes that have been bn>ught forward, at 
this or at anr other epoch, there is none that has been ushered before 
the public with more nuisy pretension than that of Mr. Charles Wye 
WiUuuna ; yet the project is one of very slender merit ; and so hard are its 
perfections to be discovered that Mr. WiUijuns, it appears, has had to write 
an octavo volume to point them out. This famace^ which we need cot deli- 
neate, differs in scarcely any respect fVom ihc prerinus schemes of Gregson 
and others, except in the single feature of admitting the air by many holes 
instead of by two or three -. hut even this bnovation had been brought into 
ose before the date of Mr. Williams's plans ; though, indeed, it is hardly 
worth while to rob him of the praise of this originality, seeing how small 
most be its value. Mr. Williams says, his is not a smoke-burning furaaoe; 
and we are sorry to hear it : it is certainly asmoke-generating furnace; and 
if tlur amoke b« not homed, it mmtt pass off unconsumtHl. Vte know, 
indeed, that it will be argued that it is gas, and not smoke, that this furnace 
produces ; and we have not the least objection to call the aeriform matter 
passing over the bridge by that name, if it gives Mr. Williams any 
gratification. But in that case it is obvious that it must have been gas 
tiuttGregson and others of his ft-atcmity burnt also ; so that Mr. Williams's 
•cheme is as far from enjoying any distinction on this score at ever, 



whatever name be given to its gaseous products. It is no doubt better, if 
air is to be admitted into the flues of a boiler, that it should be let in by 
many orifices instt-ad of by one or two; and it would be a further improve- 
ment, we think, to subdivide the smoke in the same manner. But in 
whatever way the air be admitted, the aeriform matter to which it is let in 
is the same in Mr. Williams's furnace as in any other; and to pretend that a 
mere difference in the number of holes can change its nature is just about 
as absurd as it would be to allege that water would be turned into wine 
by pouring it through a sieve, ludeed, if it were giu^. and not smoke, that 
Mr. Williams's furnace produces, the boiler would continually be in danger 
of explosion; forevery one knows that gas when mixed with air will exploide 
if a light be applied, and a train of gas and air laid in the furnace and flues 
would be as dangerons as a train of gunpowder. As, therefore, Mr. WilUams's 
furnace, notwithstanding alt its scientific pretensions, is a mere smoke- 
burning furnace, that operates by the admission of air into the flues, it has 
to be considered with others of the genus to which it Wongs ; and as Mr. 
Williams has loudly condemned the whole tribe of smoke-burning ftimaces, 
it is needless fur us in this instance to repeat the condemnation. 

We bave already stated that there are some advantages peculiar to thia 
furnace; but there are certain disadvantages peculiar toil also. The small 
air-holes are very liable to choke up, and thedispenera speedily get homed 
out, if made of cast iron, while if they be made of fire-briclc. they are virry 
liable to get broken in sweeping the flaes, and in the case of the contracted 
furnaces of marine boilers even by the rakes and slices of the fireman. The 
alternate heating and coaling again of the iron of the furnace in those 
situations which are exposed to the influence of the disperscrs — for when 
there is much smoke in the furnace it will bo flame that proceeds from 
them, and when there is little it will be cold air — has a tendency to 
injure the texture of the iron, and give rise to cracks and blisters. Under 
such influences the iron will be more disposed than in common boilers to 
give way ; and we have heard of several insiaiices of boilers having been 
damaged f^om (hi« cause. Indeed, the question ha.s been raised, whether 
the explosion a short time since, of Brook's mill at Rnulton. was not owing 
to the injuries the boiler sostained from Williams's furnace, which it appears 
had been in operation in that instance. While, however, it is necessary that 
we should state these defects, we do not by any means concur in the utter 
condemnation this scheme has received in some quarters. It is the best 
furnace, we think, of that class which operate by the admisaion of air into 
the flues, or at least is capable of being made the best by a due regtdation 
of the details : yet this is only a slender excellence, as we look upon all 
that class of furnaces as impossible in practice. We must say, too, that we 
do not see bow Mr. WiUtams's attempts to pass off his scheme for what it is 
not, and for what he must have knoien it is not, can be reconciled with that 
ingenuousness (hat is necessary to the character of a gentleman. The 
title of the Argand furnace can only tend to mislead the unwary ; and it is 
as idle to pretend that its operation is therefore like that of an Argand lamp 
as to maintain that if it were only called a Circassian furnace itS fames 
would improve the complexion. The furnace is, in truth, one of much 
mediocrity, and will not, we are persuaded, come into any considerable use. 
whatever be the advertisement and agitation. The disadvantages are too 
many, and the bene&ts too few, for the realisation of this result ; and the 
experiments at Soho, which we have already mentioned, have, In our 
judgment, rung this project's foneral knell. 

Fiff. 3.5. represents the furnace of Mr. George Godson, which baa lately 
been applied at Woolwich and other places. The principle of this plan is 
identical with that of Culler's grate, already described. The coal ia 
introduced into a box beneath the furnace, provided with a moveable piston, 
on the top of which the coal lies. There are two sliders for closing the 
opening in the grate usually occupied by the box at such times as the box is 
withdrawn to be replenished with coal ; and when the full box is replaced 
tiiese slideri are drawn back, and the coal in the box ignites at the top. 
As the coal bums away, the piston is raised up in the box to maintain 
the burmng fuel at the same level ; and the gas expelled from the cool by 
heat is consumed by passing through the incandescent f\jel on the 
bars. This species of furnace, indeed, is a sort of coal- torch, and its whole 
advantage lies in the gases of the coal being presented for comhustion,witlKmt 
being intermingled with the carbonic acid and nitrogen, resulting from the 
combustion of the coaky part of the fuel — the air being admitted through 
a number of orifices around the top edge of the torch Co accomplish the 
combastion of the gases. It would be dilUcult. however, we fear, in a large 
furnace, to mingle the air with the gases sufficiently, or duly to regulate the 
quantity admitted in such cases. In the ease of a house fire there is no diffi- 
culty npon these points : for as the fire is but smaU the air has on easy access, 
and an excess of air in all open fires ascends the chimney : but in the case of 
a furnace for a steam engine an excess of air acts most perniciously by cool- 
ing the bailer ; and a furnace which involves such a risk is not likely to be 
sito(]eisfiiL The raising of the coal by nmnaal labour applied to the piston 
ia another objection to this plan, though by no means a serious one, as it 
would be an easy thing to raise the piston by the engine. It may aid the 
comprehension of the plan if we give some letters of reference. A and D 
the handles for moving the slides B and G. C the handle for moving the 
racks F. F, which raise the piston in the box E. 

There are several plans for burning anthracite coal in ordinary furnaces 
that bave at various times been brought forward with different degrees of 
succeu i and we may for a moment glance at some of these projecta. Mc 
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Ho«<1I, of PhOadelphln, took out a pMriU, in INSR, for a v«i7 jndictoav 
fbnikce of thU dMcription, the chief pecaliarity of which wu. that the heat 
fttttn the coal was preTented from enteriti)^ the water in the wake of Ihe 
flirnare hy lining the furnace with fire-hrick ; and the tenifierature wan 
thna kept up to a point sufficient for the aecomplishment of the desired 
object A iiiiall iteamcr, called the Anthracite, was for some time run 
upon the Thames, in which the fiimacc waa so constructed that the coal 
Was gradually made very hot before entering into combustion on the bars ; 
and the plan of Mr. Kjrmer, for accomplishing the combustion of anthracite 
bf BMaas of a fan-blast, and by using bars with a troogh of water under 
Mek, kl well known. The water preserrea the bar* (Von being bnmt oat, 
aad lb* •taUB wbkh ariac* horn it by passing through the fire carries the 
bMt hrto the floM and difluea it more effectually ; whereas, by baming 
uutbneiU wHhovt alHuii, the beat it too local, and Ls liable to damage the 
iroa of tt« boikr. Than ia not mneh difleultv. kovarrer, in baming an- 
thiBcftt benafleially aceordiog to oor viewt of the matter without these 
vatOT troagha, tf the ftomace be made Terr targe, be lined thickly with fln- 
briek, and a rery thick stratum of incandescent fuel be kept upon the bars. 
Tbc difllrnlly atipiiding its uso arisea fhm the cimimstance of its being 
laaaaaaUy kept alight than ordinary coal, — Joat as lighted coke is moredif* 
fimlt to keep aliv« thaa lighted charcoal ; and the diffiealtj ia to be got 
oiw Inr te •■• iMlhod that the dUAenlty waa ■arauMDtad of naijif ooke 
iaatwa of ebaveaal ia anahiBg fcmaeea, at a ceitaia period ta tha hiatory 
of oar iroQ maaafbetara. — the daplojnicat of larger roniacea. 

We hare aoir, tbaa, cnamemcd iDoat of the amoke-prrrenting ftimaeea 
that have ocrupied a prominent poaition in the public eye, thoueh there are 
a vast nuflilter iif analogous schemes, the names even of which we bare 
been unaMe to mentioo: aad the question Tery naturally arises at thia 
•tagr (if r>ur procraaa, ia then aay really feasible plan for ohriating smoke 
that would jiutny the legialatme in paaaing a stnngent law to enforce the 



extirpation of such a noisaDce? We reply, without bediadoa, that IhM* 
are several such plans, and we shall here enumerate those whkh ve tfiiak 
the best calcolatod to accomplish the desired object. The boiler* of iIm 
Cornish mines produce very little smoke, in connequencc of the alow eoaa* 
busdon of the coal there practised ; and a slow comboation and a iargt 
, furnace and boiler have the effect of mitigating the eril of amoke to a ipea> 
extent. Much of the smokeless efficacy, however, of the Comiab bwilaia 
arises from the use of Welsh coal, which contains but little bifnail, Ml 
does not produce much smoke ; and there is much leas liardalup ia OCSH 
pelling smoke manufacturers to use this ooal if they feel disposed to reject 
other smokeless expedients, than to make the public still suffer the inflieti aa 
of so great a nuisance. A mixture of coke and anthracite, too, may be 
bomed bene6cially in any furnace of the common lund : aad the ezpeaae ot 
such a mixture is not ao great a* to be a reaaooable barrier to ita trnflaj- 
ment. Watt's plan, again, of coking the coal on a dead plato |iiaiiuaa W 
its introduction to the fhmaoe, is very effectual, with jodicioaa tna% i aad 
at the chimney of the engine at Sobo, where thia plan hac been ia aae fbr 
half a century, smoke ia nerer to be seen. Fig. 36. ia the r c p rmnt atioB ef 

Fig. 3«. 
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a so-horse boiler, erected by Mceirs. Boolton, Watt, k Co^ ftw «n engine 
mode by thorn at U. M. Mctoalling Yard at Deptford. Tbe dead pkate. it 
wilt b<> obu^rved, runs in the same line aa the bars, and the inelination at 
which both lie facilitates the transmission of ooal from tbe one to tlie cMher. 
The gaaea ariaisg trom the green coal in pasaing oter the fire are eoo> 
aomed, enoogb air being in the furnace to accoropliab their comboatioa. 

The beat plan, however, for baming amoke that we are acqaainted «iA 
ia the rerolving grate we l»ve already mentioned, as tmprofed ly 
Mcaan. Boulton and Watt, and applied by them to the boilera vt the 
angiata employed in the Hank of Kngland. This apparatus is shown hi 
figt. 37., a8„ and 39. ; and its structure is so ftilly aliown by theae d ii ia a 



Fig. 37. 
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ations, that a brief description most suffice. Tbe circular grate, aa|mufti4 
on an upright spindle, ia put into rcTolution by means gf -wbeeKwont, aad 
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the eoal b dropped npoa the grate from the hottom of a hopper eh own 
jEps. S8. and 39. The grate it covered with a supplementary boiler made 
low CO IB lo admit of the hopper being placed upon the top ; and the hot 
«ir, proceeding from the fire after acting on this boiler, proceeda throagh 
the flaei of a common waggon-boiler to the chimney. A ledge of brick 
aorroundfi the grace to retain the coal upon it ; and nearly andcmeath the 
bride a projecting plate of iron rum in a groove of sand so aa to prevent any 

Fig. 38. 
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escape of air into the furnace. A box of cast- iron i> set in the brick-work 
to contain the bevel wheets, which give motion Co the grate ; and the large 
wheel, by which the motion b imparted to Che grate, i« oituated imme- 
diately beneath the bars, with its teeth protectt'd, by the ring of brick 
■bore, from the fatliog ashes. The outlet for the products of eombustion 
ia, a* will appear by a reference \afit}. 38., on the opposite side of the grate 
to that upon which the coal is admitted, and the gases extricated from the 
coal by passing over the incandescent fuel on the other parts of the grate 
are ooiuumed. li would be aa improvemenC, we think, if the supptemeatorj 



boiler were done away, and the grate placed io a ftimaee of a similar shape 
to that of a locomotive fire-box on the construction of Mescni. Bury and 
Co. ; and this furnace should be lined with fire-brick ; or a better plan still 
would be to make the boiler with perpendicular locomotive tubes, after the 
fashion practised by Messrs. Bcnnie, and described in another part of the 

Fig, 39. 
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present treatise — a large fire-tile bltJck, perforated with holes opposite the 
tubes, being interjwsed between tbe tube plnte und the fire, both to shield 
the tube plate from injuriouj best and to make the combustion more per- 
fect within the furnace. Boilers constructed on this plan would emit no 
smoke, would uc>casion do trouble in filing, and would operate with a mode- 
rate consumption of fueL 
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CHAPTER III. 



VARIETIES OF BOILERS. 



BzroRB proceeding to give ubnlated compntationi of the fire and floe 
•orftce of boilen, the performance of the different Torieties with respect to 
floofumptioa of fuel, ud such other puticolara relative to their perfonn- 
■aee ai will be a guide to the engineer and show forth the best ineihods of 
OOiutructioo, we think, it ezpedieot to give drawings of some of the boilers 
of which these particular! are to b« determined, bod^ to render onr tabulated 
results clearer than they could otherwise be, and to furnish the en^oeer 
with example* to avoid or imitate. These delineations are all made to a 
scale, and un the more important of them the sixes are also marked ; so 
that these wood-cuts may serve all the purposes of working drawings — 
kalf an inch either ia execas or defect in tne length of a boiler being a 
thing of DO importance Subjoined are given two scales, the one or the 

Fig. 40. 
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other of which is applicable to such of the boilen represented u are not 
measurable by any of the scales in oommon uae. A notification will be 
given of each ease in which either of these scales is to be applied. 
Fig. 41. represenu the Bntterly boiler, which is much used in the mana- 

f^ 41. 
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tearing districts I uidjig. 4%. a species of boiler called the French boiler. 

Fig. 43. 



ia ttmmqmmtt of beiag of Frtoeh origin. This boiler is a good deal used 
tai fanrawhT. and is spoken of highly. We think it more conducive to 
Moonpliah perfect eonbostioa than any boiler with which we are acquainted, 
00 aocoont of the interpoaittoa of an arch of brick between the furnace and 
Ike boiler bottom, — two tnbea, ooonected to the boiler by means of nedts, 
being the whole beating sorihoe to be fband in the fttmaee. The smoke, 
it vUl be observed, &rst peases to the end of the Aimaee beneath the bnck 
arch, aod Ihea, riainx up, cornea fbrward lo the tnat of tike briiler in the 
•poos left between the brick aroh and tb» hoilcT bottom, after which it 
pMMi, bv the plan of a split, alonr the boiler rides to the chimney. The 
aMietasoao, Uxiking to the peculiar oooatraetioo of this plan of bmler, 
woold Bttnally be, that the tubes situated above the fire would be liable to 
b«rm OBt trom the •oeumulation of drpoKitare in them, and that the steam 
•odd oalj aMorf lo the wster surftce with great diificulty, and at the 



expense of a great agitation of the water, which might occasion priai^f : 
but we have not been able to learn that these evils have arisen to any in* 
convenient extent in practice ; and we find manufacturers and others per« 
severing in the use of this speciea of boiler, which says much in its behalt 

rig.4X 



cbm 



:TT 



■^ 



I 



f- 1 



• 4" 4- -^ 



aeal* one lUrd iaclMd kot 
TasMsvaasa Motissr. 

Fig. 49. is a tran gvofoe aeetion of a 90>bane-power waggon boiler of the 
Uad employed by Mcasn. Boolton and Watt This boiler will serve as a 
type of Its olaas. We shall hereafter give the length, breadth, height, and 
aorfMe for the diflcrent powers. 

Fig, 44. reprceeata the boilers erected by Messrs. Mandslay and Field at 
the London teminna of the Blackwall Railway. One set of them is as the 
Cornish plan, and the other of the ordinary marine coostnction ; and widi 
the tame amount of snrfsce. and all other cirrumslaiioee ■• nearly as poe* 
aible the tame, the Oomiah have been found to be the Isasf eActwd at fbo 
pressure at which these boilers are worked. 
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Pig^. 45. and 46. represent a land boiler ota-rery good description con- 
(tnicted by Messrs. Csird and Co. for a blast engine af small size. This 
kind of boiler is common enoogh ; but it has generally only oub tube for 
eondacting the smoke throogh the bailer, instead of the number here repre- 
sented. 

Figt. 47. and 48. represent the boiler introduced by Messrs. Caird into 
some iron tog-boats made by them. Cylinder, 32 inches ia diameter, 
length of stroke, a ft. 6 mches. We shall not, b genertkl, append the size 




of the en^es or the number of the boilers to the drawings, as all this in- 
formation will hi given in a more commodious form in the tables we intend 
to famish- 

Fi^t. 49. and 50. represent a Yankee boiler, which will be looked opon 
as a sort of phenomenon in this country. The vessel in which this boiler 
is applied is said to run I SO miles in about 9 hours. The plates are ) ' 
thick ; riTets, *(" diameter, and the pressure of the steam is 50 Iba. ! 

Figt. 61, 52, 53, 54, 55, 56, are different views of the boilers of the 

Fig, 46. 
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Phcnux, a itetaMr eonatrnctcd by Meura. Scott, Sinclair, ud Co., for 
pljiag betwMn Cap« Town and Algo* Btj, at the Cape c^ Good Hope. 
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BlOTttioa. Seal* Me. S. 
This TeiMl waa proTided with collecting vestels within the boiler for ob* 

Fig,A%. 
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Tiadng the depotition of scale ; an expedient of mach efficacy, and of 

which at the right place we ihall ftimiah our readen with full infonnatioo. 

Fig*. S7, S8, A9, repment the boiler* of the AchLUei cteamer, conctructed 

Fif. 49. 
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TruiiTcrM Section 
for the Penionilar Steam Company. These boilen prodnced as : 
of steam for the engines, the cylinders of which were M inchfli in diimietifr 
and 6 ftM't in the length of stroke, but they were expeniire in eoaL The 
plan of a boiler with a doable tier of fumacea seenu to be more expeniirve 
m ateim, apart from all coosiderationt of convenience in Ariag. ihaa 



Fig. »I. 
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boUert mode with ftimaces in the ordinary ■w%y "^^ (team rising from 
the under furnace will impinge on the iron of the uh-plt of the upper ooc. 
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ij Mtmn. Caird and Co. Thk vmmI pUea between Lieerpool and Glas> 
gov, tad is well known for her nuMNoa eseelleiKaea. 
Fig*. 60, Al ftS. M, aad M, are different liewi of the bailers of the 
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vhieh is kept at a low temperature by the (tream of cold air rusliiiig to the 
fire : and it is probable that a good deal of the steam is condenied again 
after it hfts beeo generated by the refrigeratory effect of the superior aah- 
pita. 

Fiff. 53. 



rig. 56. 
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Fig». 65, 66, 67, and 68. are delineatioiu of the boilers of the Uaicora 
■taamer by Messrs. Oaird and Co. ; and Jigt. 6d. and 70. represent the 

Fig. 67. 
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boilers of the sister ship, the Eagle, also by the same makers. There Is 
nothing of peculiar excellence in these plans ; and, for Bteam vessels, we 
believe boilers of this kind will be superseded by the tubular plan of boiler. 

Fig. 68. 
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of which we shall give all the best specimens. But a good ntuuber of 
boilers npon the commoa flae plan are still made, so that soine specimens 
of them are indispensabte ; and, indeed, there are still far more flue boilers in 
aae than there are of any other description, lo most of these boilers it is 
a fiuilt that the famaces are made too long and narrow, and the consequence 
is, that it is impossible to fire them on a long sea-voyage, es[)eclally in 
stormy weather. It is mneh preferable lo restrict the furnaces to a mo- 
derate length, and give the bars a eonsidernble elevation, so that they 
always be well covered with coal at the after ends. When the furnaces 
are very long, a good deal of air generally escapes into the floes at the after 
end of the bars, Qx effect of which is materially to lessen the geaeratioo of 



Fig. 69. 
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Fitft. 74. and 75. ure alio Tiews of the boilers of the Thame* and Med- 
way. These views are pcrpcndicnlar sections through the lines A B and 
C D, shown in the horizontal section throngh the fumaci's,_/i<j. 71. , and the 
horijtontal section through the flues, ^ly. 72. The dotted sweeps at the two 
upper corners represent the ascent of the flue into the fiianel. The flue 
narrows in width and rises in height as it approache* the chimney, for the 
■ame area is not required for the tnuumtMion of the smoke after its Tolnme 
has been contracted by the communication of heat to the water, and a less 
depth of water above the flueaulEces after the heat of the smoke traveniiiig 
it has been well nigh expended. The bridges B (Jig. 74.) are water bridges, 
and their superior ridges do not run in a huriaontal, but in an oblique 
direction, the design of which is to facilitate the extrication of the steam. 
There are four boilers in all, and the boilera are fired from bolb ends. 
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Fig. 76. 
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Fign. 76, 77, 78, and 79,, represent the boilers of the steamers Dee and 
Solway, constructed for the Royal Mail Steam Packet Company by Messrs. 
Soott. Sinclair, and Co.. of Greenock. These boilers, it will be remarked, 
have a doable tier of furnaces one above the other, instead of being fired 
fVom both ends as in the preceding example The length of the aftermost 
firing space ia aafed la the Te.ssel by this arrangement, but the plan has 
disadvantages eaoogh to overweigh this beoeiit. Of these, the chief per- 
haps is, thak it ia very difficult to fire the two tiers of fomaces effectually. 
The coals, moreorer, do not lead frum the coal boxes so conveniently, or 
so well maintain the trim of the ship, as when the boilers are fired from 
both ends. It appears to os, moreover, that the steam rising from the 
lower tier of furnaces must be cooled and weakened by its impact against 
the ashpit boltonm of the upper tier, into wbicb a stream of cold air is 
always passing to maintain the combustion of the fires, 'ilie ashpits, 
are necessarily inconveniently shallow, and. as will be remarked by 
referring to fig. 78., it becomes difficult with such shallow ashpits to 
obtain the necessary inclinalion for the furnace bars. These considerations 
indispose us to this description of boiler, and indeed it is £ut iklling into 
disQse. 

M 
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There *n time boilen in each vessel, with six fbrnaoet in each boiler, 
makinc ei^tMa ftirnMct in each resMl. The boilers represented are 
propenT tboM of the Solvsy, for those of the Dee, instead of being each 
rounded on the top in the manner shown in the drawing, have the top car- 
ried in one sweep ttom the one side of the boiler to the other, so that the 
tops of the sevml boilers form conjointlj part of an ellipse. The total 
heating sarfaee of these boilers is 4156 sqoare feet; total fire sorDsee 
4685U-4 B4iaare bchea ; weight of each boiler 37^ tons ; the diameter of 
tdM eylinders of these vessels is 73 inches ; length of stroke 7 feet -, 
~«— i«»' bono power 400 -, beating sorbce per horse power IU'3 square 
OtH } tn tmrhee per horse power 1 17 sqtiare inches. 



Fig. 78. 
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In furnaces with two lenjrth^ of fnmncc bars, it is a good plan to make 
the centre bearer double, no that the rnd* of the bars may hare a space be- 
tween them Ihrooph which the ashes will be precipitated ; the space Ihna 
Ml enables the bars to expand wiihoui injury on the application of heat, 
wbenas, withont some such proTi&ion, the bars are very liable to get 
barned out by their centres bending up into the ftimace. or else the lugs 
which carry the bearer bars will be perpetually being carried away. A 
aunilar space should be left between the fore end of the bars and the dead 
pUto at the f^nvaee nonth. and care should be taken that not only the ends 
of the bars do not tooeh, but that the heels of the bars do not rest against 
the faniace bearers. 
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Tlie bridges of these boilers are, it will be obserred, of brick, and come 
tolerably close to the ftmaee topw In soeh caaes it is expedient to make 
th« nppcr part of the bridg* eonaist of one or two fire brick blocks which 
may he lifted off when a peiaoo requires to enter the flues to sweep or 
repair tkcn. The cootianal knocking down and building np of bridges 
bac M Bwa odkonriae very ezpensiTe. In boilers of this oonatmction it is diffi- 
Mh to H^ ooe tier of firea after the others have been Ihorooghly kindled, 
W tko flrsa int lighted keep the lead in the draught It might be antici- 
pattdthat by ftriag the tiers of firca alternately, the smoke would be burned, 
Mt nek '» not (bnnd to be the tStcL 
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Fig*. M, 84. 




Seals «Da-«(tMi locb— I fDot 
osioout Botiaa* ar oaaiv wssmn RSAHia, av mssss. luiasbiv, ssom, sj0 i 
tsctioD ibrsagh ranacss F. IsBllgn iteeath naas/. 



Fitft, SO, 81, 62, &3, 84, 85. rcpreMnt the origioiil boilen of the Great 
Western steamer as made by Messrs. Maiidslay, Sou, and Field, and Jig*. 
86. 88. ?9, and 90. the present boilers of the same yewel, which are of 
the tuhubr descriptioo. These tnbulw boilers are rather short of steam, 
the &ult being that the tubes extract the heat firam the smoke too 
effectitally, and leave but little waste heat to maintaia the draught ; but 
this evil niar ea.'rily be reraedied, either by putctug a steam blast pipe into 
the chimney, as in the ca.se of locomotiTes, or by cutting a hole through 
the water-space that separates the inferior and superiur sniolte boxes at the 
ifler end of the boiler, to that some of the smoke will ascend the chimney 
without passing through the tubes at all. These perforations might be 
fitted with dampen, so si just to allow enough hot air to escape through 
them to maintain the draught, and no more< 

Fig. 85. 
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Proriaioa has been made in these boilers for the introdoction of a fan blast. 
which would at once cure the evil of a defective draft. The furnaces 
would, in this plan, be made close, and ihe blast would be intToduct^d into 
a chamber at the back of the ashpit \.,fig. 90., from whence it wonM pass 
into the ashpits by necks A a a, fig. 86. One inconvenience, however, of 
■ ftm blast thos applied is, that the smoke comes out of the foniaee doors 
vcTf much when they are opened. 



Fig$. 87, 88, 89. 
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The particolars rsspecting the scarcity of steam in these boilen we h»Te 
obtained fi*otn Mr. Guppy, by whom we believe the boilers were designed. 
Almost every engineer has made tubular boilers that were short of steam, 
but we never before met with one who acknowledged it 

Fig. 50. 
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The original boilers of the Great Western, as represented in figt. 80. to 
85., contained of flue surface 2950 square feet, and of furnace surface 890 
square feet, making 3840 square feet of heating sorhce ; area of fire grate 
202 square feet : capacity of steam room 1 1 50 cubic feet ; weight of boilers 
and steam pipes Soi tons ; weight of wster 80 tons ; average consompiioa 
of cool 1000 toiu per voyage out and home of 27 or 28 days. In the 
tubular boilers, fig*. 80. to 90., the tube surface is 5900 square feet, srook« 
box sur^e 830 square feet; furnaces 420 square feet; making 7150 
square feet of heating surface ; area of fire grate 145 square feet ; weight 
of boilers 56 tons ; weight of water 52 tons ; capacity of steam room 1380 
cubic feet ; average consumption of coal |>er voyage out and home of S9 
days 696 tons. The speed of the vessel, it will bi observed, has somewhat 
declined with the new boilers, but there is a greater economy in fuel upon 
the same distance. The horse power of the Great Wesiem is about 400; 
the particulars of the two boilers will therefore stand as follows : — 
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Old BoUfr. New Bolter. 

Heatiog snrikce per bone power 9-6 17-873 

Firf-gnite per bortc power -5 -aeas 

Steam room per horac power 2'87& 9-3 

GoaI per hour per horse power 8*333 i'6 

The conramptioD of fuel, as here set down, it most be borne in mtnd, ii 
that of the old boiler id itt supcranaimted state, and of the new boiler in iu 
best itate. The old boiler when new did not cossome more than 6 Ibt. of 
e«tl per horse power per hour. 

Fig. 91. 
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Tht labcB of thae tubalar boil<T» ar« nf iroa of 3 iDcbe* intemnl 
ikmMttt, nd • fcet ia length. The fumacet the 8 fvet -1 inchci in length, 
vkiob k ia oar JndgBMot a greater length than can be fired effectually on 
■o long • Tofagt w ihc Onat Waalara baa to perfbmi. 7'hi- wait-r within 
Ih* boiler riaea mom diataaee above the top tabes : it woidd be better, we 
IUbIi, to lot the rrtom tube* go through the steam, which would dry it 

aeffectoalljr. and sarcharge it in tome degree with beat This could 
J be done by lowering tbe water lerel, and the hot air will be suffl- 
oiaBtiy cooled after paiaing through the lower tier of tnbes, to prevent any 
iaivry to the upper tiar flrom an «Ke«SB of beaL One of the adrantagn of 
Iran tnlM, ia, thai they'dta b* MMteud to a degree of heal with impunity 
that would be aiiiiafe to apply (n Me mm <^ brass tubes. It is said, how- 
rver. that the srslc arlhi-rei tn them with greater tenarity than to bnoa, but 
this objeotioa is not likely to prove of much weight if the boilen be «<U 
blown out, for, ia that caic. rery little Kale will be formed at aU. 



Figs. 91. and 92. represent the boilers of the British Qaeea iteaiBer. ( 
atmcted to ply between London and New York, There is nothing ««fw 
peculiar in this kind of boiler, and indeed it it nothing more than (W 
common marine boiler as used for tbe ordinary coasting Tfsarlsiiiiiiatiiiiii 
open a larger scale. There are four boilers in the ▼esse! ntagiag alhvai- 
ships, containing in all fourteen furnaces, tbe wing boil«n rmntainiag fcar 
furnaces each, and the midship boilers three furnaces each. Tba prqfaetiaa 
of the water-space into the flues at the atter-eud of the wiag boflcr ia lo 



Fig. 92. 
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obriate a badi-diafk in the furnaces, in coiDae4]neDce of the currents of be* 
air meeting one another in a direct aatagwuam at the point where ihcy 
coaleM-c. and which they would do botfbr tliis protaberaace, which dcflaen 
each uf them sufficiently to make it eotCTt vitbont oooflict, tbe kmgitadiaal 
floe. These boilers were kept supplied with ttt»h water, as tba «aVB** 
are fitted with Hall's condenKen, which return the condeaacd alMB to 
the boiler to maintain the water lerel. This species of oondaisn- is sow 
discontinned in most vessels, as its weight and expeaae an fonaidahle ob- 
jections, and it doea not act aa a preservative of the iron of the boiler lyooi 
eorrosioD. One govennaoit veaiel some time noce fittr<l -with llall's 
condenser had no leas thaa S9 miles of copper pripe for accompliahfai( iba 
condensation of tbe steam. The use of salt water in boUen ia I 
with Tcrv little inconvenience, if they be often blown out, tf 
billiy is little if at all increased by the employment of freab walar. 
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Figi. 98. 99. and 100., repreteot the orighul IwQen of the Bteamer 
Tagiu, conitrocted bj Menn. Scott, Sinclair, it Co. ; and Jigt. 101, 103, 
and 103. the praent boilen of the tame vesiel, which are of the tubular 
deacnption, made In Meaara. SCUer, Ravenhill, & Co. The folloving are 
aome of the dimensiona of the origiaol boilers : — Length 34 feet 3 inchea, 
height 10 feet: breadth of each boiler 7 feet 6 inches, making the total 
breadth of the boileni about 22 feet 8 inches, with projections of rivet 
beads. Length of under furnaces 6 feet ; length of upper fomacea 7 feet 
6 inehei. Breadth of Aimaoea 3 feet; total number of furnaces 13. Each 
boiler eontaioa foortcfln i{on pipes of about 10 inches in diameter, and 10 
§Mt ia length, throogh which the smoke passes on its way to tlie chimnej. 
Thew pipea are fixiMd of boiler plate, with tamed rings or collar* attached 
to each end, which are inserted into holes in the smoke-box plates, and 
then riveted over. These rirets are liable to get bomed away by the action 
of the flame, as the collars within prevent the water from getting access to 
the angle, and the plates into which they are fixed then get pressed ont by 
the force of the ttctm. It would be a good pUu to cover these riveta with 

Tigt. 98. 
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another perforated plate placed above them, the holes in which shoald he «f 
a aomewbat unaller diameter than that of the tubes. 

The preaent boilen of the Tagux we cannot reirard as Mesars. MUkriad 
^larenhiU's most saccessfnl specimen of tubular boilers, fi>r tbey are liablr 
to prime, and the water-level, in consequence of the elevated poaitiaa of ll* 

Fig. 101. 
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tnbea in the crown of the boiler, is liable to sudden and large floetnatiooa. 
These boilers are fired ttom eaeh end, as in the coiea of wvrral of the 
boilers we have already described, and there arc four biiiler» in all to *n{^y 
the engines with steam. The cylinders are 62 inches in diameter, and tha 
length of the stroke 9 feet 9 inches. The boilers are 10 fi^t long each, 
making the len^ SO feet when placed back to back, or with a paaaaga 
between the ends, and measuring over the furnace-mouths about 23 fcvl, 
as in the case of the former boilers. The width across the boiler, at the 
widest part, is abont 7 feet, and there is a passage between the boilen, 
making the total width of the boilers about 15 feet. The height b 9 
feet, but the whole of the space above the top of the boiler if occupied with 
funnels, pipes, and steam chests, whereas is the farmer plan coal waa 



Fig. 102. 
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carried above the boiler. The saving in width is therefbre nearly aaade «|> 
bj a loM of ^laee in the direction of the h<^igbt, and then there is the eatra 
room occnpiM by die aAer firing space, so that although these boilen an 
small, they in reality accomplish little or no saving of capacity in the ship. 
They are conaidembly lighter than the old boiler, however, which is an 
advantage. 

The tabes of these boilen are of braaa, 3 inches in diameter, and of the 
length represented ; and there are 45 tubes to each fiUBaee, making the 
total number of tubes 360, which appears too small a nwsber for the ex- 
traction uf the heat, and a good deal of it is found to ascend the chinuey. 
The tubes appertaining to each furnace are separated where they enter the 
smoke boxes, by water spaces, which keep the smoke of each furnace apart 
fironi that of the one adjoining it, until it cnten the chimney to the end that 
if the tabes require to be cleaned during a voyage, only one ftimacc may be 
throws out of action at a time. There >• one tube left oat at the oeaam of 
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Fiy. 109. repmrats ■ boiler with npright tubet. contriTod bj Mr. David 
Ihpitr with the vat«r within the tube*. This kiod of boiler is very liabte 
to prnw; tndcboold anj for^igTi tubctasce accideot^Uy obtain admiwiou 
into tlw boikr, it ii draim by the asceoding current into the neck of one 
of tho tabet, and that tnbe in which a stoppage occors is conaeqaeotly aooo 
hunt ont. The steamer to which the boiler l& applied is provided with a con- 
denser for accomplishing the condensation of the steam by external cold, and 
it might be expected that boilers which thus receive badL again their own 
water would be preserred to effectually from the obtrusioa of forvign sub- 
stances a< to make the atoppage cf the tubes from this eanso impoiuiible. 
Bat from all water there >a a certain depositore, and the grease which 
puset through the engine becomes mixed with this, and forms a kind of 
putty, balls of whkh sometimes stop np the tube*. It would perhaps be tn 
improvement to use oil instead of grease in engioet fiinuihed with boilers 
uf this description. 



Fig*, no. 111. 
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Fig*, no, IM, U2. and 113. represent a marine boiler with oprigbt 
tnbea. a kind of boiler to which we have already made tcvcnU allasioos, 
and whieh, we are persuaded, will before long come into extensive nse. 
This boUcr, it will be remarked, has the wntcr mtiidt of the tobes, and the 
spptr portion of the tube* docs not pa ^ he water, hut only through 

IM fteantby which the steam is thoi I. and any incoovonience 

ftoa prioiiu eowileneted. Vehavi- HiKiiiiii •prcimcn of this boiler to 
i^m, nd (Ul TMVn vhit we have to aay about the plan until we come 
toit 

Figt. 114, ns. ns, nr. ns, nd its. rt p resent the boilers of the 
QsMB ■mnirr ■ Htw vchcI, MMtnelad by llMars. Remue, and well 



known for her swiAness and efficiency. The ot^ect this hiuler ao 
attain is ligbtnesa, and it is therefore made so as to hold Trry Uttic ' 
It dot's not, however, appear to be well calculated to sustain any cifiHiiJi f 
able pressure, thoagh this is an ol^ect of importance in Teasela 'i?tfHM to 
go £ast. The following are some of the principal dimenciona: — Loctt 

Figi. lU, ns. 
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IS' 8" ; breadth 12' 8" ; height 6' 0" ; length of fhmaces 5' 2" : length of ' 
tubes 5' 7" ; breadth of ftinisees 2' 8" 5 diameter of tabes 2j ; material of 
tubes brass. Tof^l number of tubea 228. Diameter of cylinder of 
engines 29^; length of stroke 4' 6". There are two engines on the djreel 
action pUn. CoUectire power 76 horses. 

Fi§t. 116, 117. 




— y.*- 



Sealc on^tlfhth Inclisl foot. 

aooio* or THa <ii'aui muaaa ai w*s». sDina 

Loogtiudlnal Section. KlevaOaa. 

If any considerable pressure of steam be employed in this hoDer. it 
be necessary to stay down the boiler top very firmly, both to the topi 
the furnaces and the bottom of tbe boiler ; for the force acting iCWBit cW 
boiler top. and tending to raise it upwards, will be immense, it a high pfc*- 
sure be adopted. To suy the boiler lop to the tops of the fhmaoM ■Inia 
would not lie sufficient, for the tops of the Ihmaces might alter their ftm, 
and the stays would then he of very little avail. The stays to the bectoa 
of the boiler, however, if carried in the usual way. would hn* t» b» 

Figs. 118, 119. 
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attached to the bottoms of the water spaces, and there 'i>">^' >-'>ild be 
much in the way when the boilers are being rleani'd. In Id be 

almost impossible to clean ont the water legs effectually m r ^ aita- 

atcd, and the best method, therefore, appears to be either to stay the hail« 
top to a strong invetted arch spajuisg the water apaoea, or to plw* • wr* 



««wion of iron arehet over the furnace topi, to keep them ia ihtpe after 
the fiuhiun pnictiied id Stepheiuoo'a locomotives, tad to tt&y the boiler top 
to t)ie«e. 

Fiy*- 1 20, IS 1. represent another boiler with nprighttubes (having the water 
oauido of ihera), the design of Messrs. Rennie. This boiler it iuieaded to 
•upply steum to an engine on land, and ita exterior is therefore eompo««d 
of a cylinder of brick-workj between which and the boUer shell the smoke 
is made to eirculate on its way to the chimney. Thia brick cylinder it, 
ntrmoanted by a cast-iron dame, the edge of wtuch fits into a grooTe con- 
taining sand, and access can r^dily be had to the ends of the tnbes by 
raising np this dome by the tackle applied to !he eye fixed in its centre. 
Thu kind of boiler is identical in all its important features with that repre- 
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aeatedin^*. 110, 111. 1 13. and 113. That boiler, however, is intended for 
• itmn vessel, and is, iDdeed, the boiler of one of the tug ves^eis working 
upoQ the Tbamef. As we happen to have a very high opinion of this 
variety of boiler, we must consider its merits in some detail, and therefore 
refer back our readers to ytj^. 110, 111, 112, and lia, as it is to that spe- 
cimeo our remarks chiefly apply- 

The diameter of that boiler is 6 feet; heipht, 11 feet 6 inches; diameter 
of fire-box. 5 feet 2 inches ; distance fk-om top of bars to lower tube plate, 1 
foot 6 inches ; distance from top of bars to ashpit bottom, 1 foot 7 inches i 
Iragthof tubes. 8 feet ; diameter of tubes, 3 inches ; distance from centre to 
centre of tabes, 3 inches-, diameter of tube plate, 3 feet 10 inches. There 
is a clear space of 1 foot 3 inches all round, between the tubes and the 
boilCT abell. The height lo which the water rises along the tubes is S feet, 
laiving 3 feet of the tnbes to traverse the steam space. There are 145 
tubes in all, and, reckoning their effective length at 5 feet, the etfective 
labe surface is 38l-.'t3 feet The fire-box surface is SO-96 feet, making a 
tool of 4 1 3'03 square feet of effective heating snr&ce. The area of the 



fire-grate is 20'<>6, and the proportion of fire to beating surface is 1 to 20 
nearly. One of these boilers supplies the engine of the vesael with steam, 
the cylinder of which is 26 inches in diameter, and the length of stroke 38 
inches, the number of strokes per minute, 35 light, 26 lo .SO when lowing. 
Ttie consumption of fuel is 10 cwt of coal per four hours, including getting 
up steam. The tubes are of iron, and show no symptoms of injury tnta 
the application of heat above the water leveL In some of the boilers 
constructed on this plan the lower tube plate has cracked between the 
tubes, and we think the breadth of an inch of iron between the tubes is 
insufficient in most cases. It would be an improvement, we think, to 
zigiag the tubes tubes thus: — 

This would leave more iron between the tubes, and, at the same time, would 
uot prevent the introduction uf an instrument to scrape them when neces- 
sary, at least diagonally. It would be very expedieut, too, to defend the 
lube plate from the heat of the fire by a fire-brick dome perforated 
opposite to each tube. In that case, however, it would be necessary to 
give an addiliooal tube surfaci-, as more heat would then pass into the tubes 
than if such a dome were not employed. 

One very obvious obJL-elion lo this plan of boiler will present itself to our 
practical readers, which is, that a deposit either of silt or scale will be 
liable to take place on the top of the tube plate, which will, in consequence, 
very soon bum out. This evil is lo a great extent met by our suggestion 
to interpose a fire-brick dome between the tube plate and tbe fire ; but we 
have not been able to discover that any sensible inconvenience has arisen 
from such depositures in boilers of this construction, even without the ex- 
pedient we have ju&t deiKiribed. The agitation of the water, caused by tbe 
ascent of the steam up through it, is a powerful antidoit; to any settlement 
where it is going uu, and the particles of matter mingled with the water, 
and out of which scale is fubricatL-d, find their way by degrees to the sides 
of the boiler, where the water is trasqiiil, and there they tinally settle. It 
is expedient, however, in boilers of this kind, either to blow ofl' very fre- 
qneatly, or to have brine pumps, which change the water in the boiler 
rather faster than usual. It would be a further improvement to place a 
collecting vessel withiu each boiler. Instrumeiita of this kind have hitherto 
been very little used in steam vessels, but in land boilers they have long 
been employed with advantage, tbuugh in that case the advantage ia of less 
account. Vi'e shall ut a more adv^iijced stage of our progress give SOOM 
specimens of collecting vessels as applicable to marine boilers, but may 
here, for the sake of making our recommendation intelligible, explain tbe 
simplest form of collecting vessel as applied to waggon boilan. 

Fig. 122. 
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We must first, however, premise that the addition of particles of ex- 
traneous matter to boiling water facilitates the extrication of the steam, 
and, in many cases, lowers the temperature at which ebullition is carried 
on. Tbe generation of steam is most active in those situations wheri> 
those particles exist, so that, indeed, the steam appears as if it came out 
of them, and the particiea are continually bnoyed up by the steam in its 
ascent, and prevented from settling where the ebullition is active. If a 
vessel with a narrow mouth be immerged in a boiler under such circum- 
stances as to preserve the water witliin it in a tranquil state, the vessel 
will speedily become filled with depociture resembling mortar, which, 
could It have settled, would have been indurated into scale. Of this cir* 
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coiiutiiioe ftlrutife a taken'in tlie conctraction of collecting ▼eaiels. for 
\t the whole of the witer in a boiler be ia ■ state of ebollitioa except a 
portion contained in an internal Tessel, into that Teaael the deposituxe 
will find it< way, and from thence it maj be removed by blowing oat. 
Fig. IJS. repreaenu a ooUcctiof Tenel attached to a oomtnon waggon 
butler which will illuitnite the me*iu of ^>plying these principles in prac- 
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Fig. 134. 
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tiet. A 1 repreaenu the boiler, which hu been cut, and a part removed 
ftr the pnrpoM of •howing the inC«rior. 6 ii a box into which the dcpo- 
iltiuv Mil through the neck c, within which ia another cylinder, or rather 
fnutrum of a cone, which nuy be raiaed or lowered to tuit the water level 
and other circumttancea. Theae parta are all made of thevt iron, d ia 
ia agitalor for atirring up the depoviture within the box previously to 
UowiDff ont, for which porpoie a r\A pauei through a ntuiflng box ou 
At bouer top ftimithed with a handle, which may be turned round, t re- 
piaaauH the pipe tbro«gh which the de|»>ai[urf In discharged, /the hlnw- 
off cock, and $ the bottom of the boiler, h would be eauy in a boiler 
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iAh npright tuhea to oooTvrt one or more of the tubea into eoUeetiog 
ventha leading lo a tediment veasel nndemeath. 

The reowrka which we have already made rcapecting this ipeciet of 
boiler are aaflcient, we conceive, to show that the objection* which might 
be bmu;bl lobut it are not of a very formidable character. lu recom- 
nmdatMma, bevever, are out of a negative kind, and it posaesaea two of 
weight cnottgli, we conceive, to entitle it to a prefereoee over moat kinds 
hithenn projected. The tint is, that it yields very dry, or, indeed, sar- 
eherKed stawu, the lue of which is attended with econoay : and the second, 
ttal n fhHIifttt the introductioo of the revolving grate described in page 
&.% aod whieh. we are eonfldentr will come into gofoeral ate for steam 
veiaels. There is nothing in the revolving grate too complicated for such 
an applioatioa, aad it would be a matter of jpvat importance to have the 



fhnuoes of steam Teesels feeding themselves, which they would do i 
more effectually, and much more cheaply, than can be done by 
Boilers on this upright phin might be raogied across the vessel thus, 

GOO GOO 
GOO 000 

OOO GOO 
OOO GOO 

with a crucial passage between them, and the athwartahip paisf e 
only be of a width sotficient to enable the attendants to light and ckaa thil 
fires. We cannot here enter into the details of the appUeatioe, b«t may 
remark that in those coses in which it may be inconvenient to drop the 
eoal upon the fire thruagh a tUt fh>m the top of the boiler, it will prohnbly 
be fotuid the be«t way to combine the boilers, so that one revolving grate 
wdl BttlBce for two sets of tubes, and the coftls may then be introduced 

Fig. 126. 
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between the tube cylinders, and immediately over the fire. One maurrial 
advantage of this arrangement is, that there will be no smoke — a virlae 
often claimed for the L'omish plan of iKiilcr, but w ilbout any title tbcrelOr 
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!i«r tbmn whit arisea from slow combastion, and the use of Weltih coal, 
■od both of tbe«e pointc may be attained in any boiler. This, we Ibiuk, will 
■ppcftr clear enouj^h by a reference t<> the representation uf a Corniih 
buJer given is Jigt. IS3, 124, and 125. This boiler produces do smoke, 
but there b no ptcuiiarity vf itntclure to briDg about such a result, and the 
whole elGcAcy arises from a »low combustion and peculiar coal — advan- 
tage« which ar« not exclusively Cornish. The diameter of this boiler in 
6 feet 6 inches ; length 3a feet 6 inches. Length of fumaee 6 feet i 
breadth of f^imace 3 feet lU inches. A tube of about V} inches in dia- 
meter, filled witb water, ruins through tlie main flue, which flue is a con- 
tiaiiation of the furnace. 

Fiyt. 126. and 127. represent a smaJ) tubular boiler cnnstmcted by 
Meam. Uorton and Son for a coatting steamer called the Zephyr. This 
boiler has been foand to perform well, and is, in every respect, wtisfactory. 
The tabes are of iron, 3 inches in diameter, and 6 feet long. 1.4>ng;th of 
fcinaoe 6 feet, number of tubes 168. S engines. CoDfuniption of coal per 
b'wr. abont 6 cwt. The pressure of steam is about .'> lb«u on the etjiiare inch. 

Fi^t. laS, 129, and 130. represent another boiler, hy Messrs. Miller, Ra> 
Tentull, and Cow, of the tubahir kind. It is identical in all its main features 
with the boilers of the Tagus already described, and the same remarks apply 
to it. It has been found expedient tu introduce a jet nf steum into the chim- 
ney of this vessel to quicken the draught The tubes are of brass, 3} inches 
in diameter, and the tube plates are of iron. There is a galvanic action be- 
tween the brass and the iron in consequence of this arrangement, which 
shows itself, not at the ends of the tube», hut at the ends of the athwartship 
Stays which bind the sides of the boiler together ; and the iron plate aroond 
thcae suys very soon acquires the appearance of haTing been scooped out 
by a knife. It is probable that in all boilers the action will not take place 
at the same spot; but, in several cases of brass-tubed boilers which have 
come under our observation, the action has been very remarkobte in the 
citoation we have mentioned. The evil would probably be obviated by the 
application of a washer of zinc. It would be a great benefit indeed to coat 
the sbelis of boilers with zinc Ix^lb inside and outside ; and should the plan 
of boilers with upright tubes become general, so as to make cylindrical 
boiler shells an article of manufaciuTt, it would be very easy to accomplish 
this end by the electrotvpe process. Cue advantage of such boiler shells 
ii^ that they might easily be made by the riveting machine : though, in- 
deed, we do not despair of seeing malleable iron pipes dravm of a soiBcient 
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diameter for boiler shells -, and we shall then hare malleable iron cylinders 
for steam engines, if cylinder engines then be made at all, of which we 
are by no means certain. 

Fi<jt. 131, 132, and 133. represent the boiler* nf the steam vessel Ocean. 
The tubes of these boilers are of ir<in 3\ inches In diameter and 9 feet long ; 
furnaces 7 feet long and 2' I" wide. There are three boilers in all: the 
centre one with three furnaces, and the two wing ones with two furnaces 
each. Total breadth of boilers 19j feet : total length 14 feet ; total number 
of tubes 378; twoetigines — dlaraeterof cylinder 56 inches; length of stroke 
5^ feet; pressure of steam about 4) lbs ; consumption of crul about IS 
cwL per hour. In ordinary coasting vessels we do not approve of the 
plan of firing fVom each end, as the length in the vessel occupied by au 
odditiunal firing space is a manifest waste of room ; and there will be 
no difficulty in short voyages, abont maintaining the trim of the ship 
on account of the stowage of so evanescent a cargo as cod in the wake of 
the furnaces. The object should, we conceive, be to obtain the requisite 
number of furoaees in the breadih of the ship, and then to add a sufficient 
number of tubes above the furnace* to eiiract the heat given out in 
them. In cases where this cannot be altogether, and yet can be nearly 
done it i.'« a less evil, we conceive, to put a few ftimaces in a second tier 
into the midship boiler, rsther than change the whole plan of the boiler 
by firing from both ends. Id most cases we believe it will he possible to 
get sufficient room for the ftimaccs in the breadth of the ship if the engines 
be wrought cxfiansively ; and this may be done, without aftecting the 
power, either by upt>!ying high pressure steam to the existing size of cylin- 
ders, or by introducing larger cylinders, and retaining the steam at a mode> 
rate pressure — that is, under 10 lbs. The latter plan in the case of new 
Tesscls is, in our judgment, greatly the preferable one; and we should 
recommend all new steam vessels to be made with the cylinders very large, 
while the bfiiters remain of the same dimensions as at present, except in 
the case of vessels impelled by the screw, where the engines may be worktd 
at a very high sjieed — an increase in the speed being equivalent to sn 
enlargement of the cylinder. A great force is thus available for the pn*- 
pulsion of the vesselwhen necessary, whether from adverse cia-unistances 
of wind and water, or otherwise, merely by diminishing the 'letrree of 
expansion ; while, in fiur winds and 8mi>oth water, it becomes aeco^isary to 
work with a very high measure uf expansion to keep the engines supplied 
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Fig: H6, 147. 148, 149, T50, 151, 162. and 
159. reprvtent the boilers of the R«tnbution, 
a steamer of 800 bor«e power ; the engioea 
beitig oD the double cylinder pl&a of Me»srt. 
Maadaky. Th«re is. nothing very peculiar in 
UieM boilera except their sixe ; in other re- 
spects they very mneb retemble the boilers of 
the Great Westers, and of the Thame* and 
Medway, atso by Messrs. Maud$lay and Field, 
of which we have already given deliueationa. 
FigM. 154, 155, 156, 157, 158, I5U. aiid 160. 
are different views of a sediment collector, as 
made by Mr. Annstn>ng of Mancbe«ter for 
marine boilers. The manner in which this 
contrivance acts has already been explained, 
and all that we have here to do is to give 
such forms of ihe machine as have been found 
the most coavenient in practice. The sedi- 
ment vessels are generally mode of thin sheet 
Lroa, and an agitator with a handle extending 
through a stuffiug-box to the ooiaide of the 
boiler, is usually added to facilitate the blow- 
ing out of the tilt and other foreign matters 
caught by the collectors. 

When steam is generated to the boiler 
under a given temperature and pressure, and 
fVom thence traosmitted to the engine, it has 
to be coDv«yed along {lipes and through aper- 
tures of different farms and dimensions, before 
it enters the cylinder to produce the intended 
effect by its pressure on the piston. It con- 
sequently becomes necessary, in contemphit- 
ing steam as a motive agent, to assign the 
quantity of it that is competent, under certain 
conditions, to accomplish a specified purpose, 
and to determine tlie area of the passages or 
apertures through which it has to flow, in 
order that the desired end may be attained. 
Now, when the steam has acquired such a 
degree of tension in the boiler as is sufficient 
to produce the proposed effect when trans- 
mitted to the cylinder, it becomes neceiiaiy, 
for the purpose of rendering the effect ooa- 
tinuous, that as much steam should be gene- 
rated in a given time as is consumed in pass- 
ing through the engine in the same time; 
that is, the steam must be generated with the 
same rapidity in the boiler as it is aberracted 
therefrom to miuntain the motion ; or the 
boUer most be of such capacity as to admit of 
the steam being withdrawn in small quantities, 
and at short intervals, without causing any 
sensible diminution in the elastic force. This 
is, in fitct, the main point on which the ef- 
fective action of the steam engine depends, 
for if a perfect etjualily between the genera- 
tion and the consumption of steam could be 
established, so as to maintain a constant de- 
gree of tension and elaaticily under all circom- 
Stances, the engine would then have attained 
Ihe highest state of perfection of which it is 
SKsceptible, provided that all the imperfeotions 
of constmction and causes of the loss of power 
are also removed. 

The volume or quantity of steam required 
to maintain the motion of the engine for any 
specified time is equal to the area of the 
piston multiplied by the space throogh which 
It travels in the given time ; that is, the vo- 
lume of steam req,uirvd in one second is eqoal 
to the area of the piston drawn into its veli> 
city of motion in feet per second, and the 
density or elastic force of the stewn in the 
cylinder must be as much less than that in 
the bolter as to allow the same weight of 
steam to pass the apertures in the specified 
time. This is manifest, for if the velocity of 
the steam in passing the apertures be not 
greater than the velocity of the piston, the 
ikrea of the apertures would require to be equal 
to the area of the piston in order that the 
same quantity of steam might pass throngh 
them. 
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W« cuinot afford to larrendrr any more ipace to theie fpecimeni of 
boilrra, and inant nu« proceed to despatch what we hare ttill to My ud the 
fluhject of boilcr» in u few wordc as poMible. We hare already stated 
lltat a rubie foot of water raised into steam is reckoned equivalent to a 
ttt>r«e power, and that to generate the steam with sufficient rapidity, an 
aUiiwaace of one »<|uare foot of fire barx, and one square yard uf effectiTe 
tieatiiif; surfiioe, are very commonly made in practice, at lenst in land 
ragioea. Tbeae proportions, however, gresdy vary in different cases ; and 
Id Mmie of the beet marine engine boilers, where the area of fire-grate is 
rvkirieied by the breadth of the Teasel, and the iin possibility of firing long 
fumare* effectually at aea, half a square foot of fire-grate per horse power 
ia a Tery common proportion. Ten cubic feet of ^ ater in the toiler per 
horse power, and ten cubic feet of Mfmm room per horse power, have been 
■saigned a* the average proportion of these elements ; but the fact is, no 
ireticnil rule can be fonncd apoo the subject, for the proportions which 
would be auiiable for a waggon boiler would U' inapplicable to a tabular 
boiler, whether marine or locomotive ; and good euuuplea will in such 
case* be found a safer guide than rules which must often give a false 
rvaolt. A capacity of ihrc« cubic feet per horse power i» a coninion 
fftlO«ghrn>portian of furnace-room, and it is a gtMid plan tu make the fur- 
nacva of a conaiderablc width, as they can then be fired more effectually, 
and dn not prodaoe to mocb smoke as if th<-y are made narrow. Aa 
regards the qacatioa of draft, there is a great difference of opinion among 
•nginccrs upnn Ihf sut^u some preferring a very alow draft and others 
■ rapid one. It is obvious that the question of draft is virtually that of the 
area of tlrr-fratr, or of tbc qnantily of ftiet consumed upon a given am of 
gfBte avrfaevi, aad iJm weight of fuel burned on a font of tire-grate per botir 
rariaa in diir-r-nr "•m^ in practice from n^ to HO lbs. Upon the quicknesa 
vt the drst' :'•* (lie iiurfKion of the pn^per thickuesa of the stratum 

of incaodr-' '("in the grate ; for if the draft be very strong, and the 

Are at the uint iinte be thin, a great deal of uncombined ox\gen will 
cacapr up through the fire, and a needless rcfrif«ntu>n of the coutents of 
the fines will be thereby occasioned; whereaa. if the fire be thick, and the 
draft be sluggish, much of the nsefttl effect of the coal will be l<ist by the 
formation of carbonic oxide. The length of the circuit made by the amoke 



Tuiea in almoet every boUer, and the tame may be tud of the area of the 
floe in its cross section, through which the srooke has to pasa. As aa 
average, about one-fifth of the arva of fire-grate for the area of the One 
behind the bridge, diiuinikfaed to half that atnount for the area at the 
chimney, has been given as a good proportion, but the raamplea which we 
have given, and the average fine area of the boiler* which we shall describe, 
may be taken as a safer guide than any such loose statements. When the 
fiue is too long, or its sectional area if insufficient, the draft becomes insaf- 
ficient to furnish the requisite quantity of steam ; whereas if the flue be too 
short or too large in ita area, a large quantity of the heat escapes up the 
chimney, and a depocition of loot in the fines also takes place. ThU laM 
fiiolt is one of matenal consequence in the caae of tubular boilers consuaiag 
bituminous c<titl, though iDdef<l the evil might be remedied by blocking 
•ome of the tubes up. The area of water-level we have already stated, p,«>« 
as being usoally about i feet per horse power in land boilera. In many 
casec, however, it is much less ; but it ia always desirable to make the am 
of the water-level as large as possible, as when it ia contracted not only is 
the water-level subject to snddcn and dangerous fluctuations, but water is 
almost sure to be carried into the cylinder with the steam, in conacquenee 
of the violent agitation of the water, canaed by the ascent of a lar^ votauM 
of steam through a small inperficief. It would be an improvement m boQcn, 
we think, to place over each furnace an inrerted vessel immcrgcd ia the 1 
water, which might catch the steam in iu aacent, and deliver it quietly bf ' 
a pi|W rising above the water-level. The water-level would thus be pre- 
served from any inconvenient agitation, and the weight of water within the 
boiler would be diminished at the same time that the original depth of 
water over the furnaces was preserved. It would also be an improvemcn 
to make the sides of the fomaces of marine boilers sloping, instMd tt vww 
tical, at ia the common practice, for the steam could then ascend freely at 
the instant of iU formation instead of btting entangled among the rivets and 
landings of the plates, and saperinduciag ao overheating at the platea hfi 
preventing a f^ee access of the water to the metal. I 

In the Trantaetiooa ot the Institution of Civil Engineers sereral papcnl 
are given by Mr. Parkea ai^ others detcriptive of experimenu made by] 
them on steam boilers. We have, in Table 1., collected a fev <if theptiacdpl ' 
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nsnlts exhibited in Mr. Parkos' ycry voltuniiioni tables, and we hare added 
the two columns on the right band side of the Uble to show at the iam« 
time the evaporative economy of the lK>ilen in use at the East London 
Water Works. One of these boilers is on the Cornish plan, and attached 
to the Cornish engine there. The oilier i» a waggon boiler, with an in- 
teroal flue, for supptying Kteam to a Boulton and Watt pumping engine. 
The Cornish boilers are cylindrical, with an internal flue ; and, as they are 
ceoerally used with steam uf from 15 lh«. to 3.') lbs. above the atmosphere, 
Ou^ are made td plates half an inch (hick. 7'he left hand column in the 
table gives the mean restilta of experiments made on the boilers at the Huel 
Towan and United Mines in Cornwall. The siM'und column from the left 
is devoted to Mr. Parkcs' experiments at Warwick ; and, occordiug to him, 
about one sixth of the eToporatioa there given is due ti> his smuke-con- 
soffiing apparatus. The third column exhibits the mean of eight expcri- 
jneots on waggon boilers, at the different places indicated at the bead of 
the cotumn, which were all (except the Albion Mills experiments) con- 
daeted by Mr. Parkes. The fourth colomn from the left contains the results 
of Mr. Smeaton's experiiiLents on his atmospheric engine at Long Benton ; 
and the fifth column gives the mean of eleven experiments on locomotives 
by Mr. Pambour. Referring to the sixth line, it will be seen that the 
mean evaporative economy of the Cornish boilers is about the same as that 
of the Warwick boilers; bot, if we exclude the East London Waterworks 
bailer, the other Cornish boilers oill show a decided superiority over all 
the rest. Lines five and eight sKow two of the principal peculiarities in the 
proportions of the Cornish boiiiTS, It will be observed that the extent of 
their snr&ce exposed to the heat, for each cubic foot of water evaporated, 
is about seven times as great as in any of the others. The combustion in 
tiieir fbmaces also is carried on at a very slow rate, there being only about 
a\ lbs. of coals burned on each square foot of grate. The only boiler that 
nnskes any approach to tbem in slowness of combustion is the one at War- 
wick. Mr. Parkes is a great advocate for slow combttstion ; and he founds 
his opinions principally on its effect in the Warwick boilers — at least it is 
from his experiments on them that he derives his opinion that the principle 
should be carried so far aa it was ui that case. We conceive that in this 
instance he has overlooked one very material circumstance. It will be 
observed in the table, that the heated sur&ce bears verj' nearly the same 
proportion to the water evaporated in these boilers as in the (jllier waggon 
boilers ; but. before Mr. Parkes altered his fiimaces, much more water was 
evaporated p««r boiler, and, consequently, the heating surface must then have 
been very small in proportion to the evaporation. We are, therefore, 
rather inclined to oltribute the increased duty of the fuel to tlie increase of 
the healing surface of the builer than to the diminution of the rate of com- 
bosiion. Nevertheless, from other experiments of Mr. Parkes, we are dis- 
posed to think that, for econoiwy of fneU the combuiition in the generality 
of waggon boiler ftimace* m rather too rapid. The very large proportion 
that the heating surface in the Corni&h boilers bears to the weight of water 
evaporated is, no doubt, t« a considerable extent, rendered necessary by the 
thickness of ibe plates which the heat has to penetrate, and the high teiti- 
peraiure of the water within them — both circimiBtances that retard the 
transmission of the heat The Cumish practice, too, ii universally, bo far 
as we have been able to ascertain, in fav<jur of this great extent of surface j 
yet we can hardly think that a small diminution of it would produce any 
injurious effect on ihc economical properties of the boiler, while it would 
save a considerable part of the original cost 

It will be seen, from what we have already advanced, that but a small 
part of the superior duty of the Cornish engines can be derived from the 
boilers ; we must therefore look to the engines for the principal sources of 
their superiority, which may be comprised under these three heads ; — 

In. The use of high-pressure steam cut off when a very small part of the 
■roke has been performed, and working expansively over the remaiuder. 



2nd. The careful clothing of every part of the engine where heat can 
escape. The cylinder is usually encased with a steam-jacket ; and the 
■team-jacket itself, and all the steam-pipes, top of the boUer, &c., are pro- 
tected from the cold air by being covered with a layer of three or four 
inches thick uf ashes, saw-dust, or other good non-conductor of heat The 
amount of saving effected in this way may be coneeived to be very con- 
siderable. We have not met with any experiments to ascertaict the amount 
of the saving by clothing the whole engine ; but Mr. Wicksteed found that 
clothing the top of the boilers alsMt produced a saving of 10^ per cent in 
the fuel consumed. 

3rd. The third main source of the great dtity of the Cornish engines is 
to be found in the excellent system of registering and publishing the duty 
of each engine, which has for many years been prevalent in Cornwall. It 
has made both the proprietors and engineers much more careful than thejr 
otherwise would have been of a host of details that have elsewhere been 
considered too trifling to require notice ; but which, nevertheless, in the 
aggregate, are of no small importance. 
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The grand secret, however, of the economy of the Cornish engines lies 
in tlie large application of the principle of expaosion, and the results there 
obtained are very little aided by any peculiar excellence in the boiler. 
Upon the merits of expansion, however, or the pitcli to which it may be 
beneficially carried in particular coses, this is not the place to enlarge, but 
we may here give a table from the Artizan, which shows the relative 
efficacy of different engines with different degrees of expansion. 

The first columa on the left exhibits the performance of Smeatos's almo- 



Tablk II. 



Diameter of cylinder in inches . . . - 

Length of stroke in feet . - - - - 

Number of stroke* per minute - • - - 

Pressure on the piston, above or below the atmosphere in "J 

lbs., per square inch - - - • - J 

Weight in lbs. raised one foot by 1 1 8 lbs. of coals - 

Do. do. by one pound of water, as steam 

Effective power of the engine at time of experiment in " 

horsepower - • - • - *, 

Efficiency of the steam, its efficiency in the Albion Mills 

being unity - • - - ." . " 

Efficiency of the flicU ito efficiency in the Albion MDls 

being unity .-.-•- 
Disance of the piston from the end of its stroke when the 

steam is cut off m parts of the length of stroke 



Smetton'i At- 

Fng1iip.l.oiig 
B'-otfin, Nor- 
th umbrrluiil, 
date 17TI. 



12,600,000 
14,280 

40-5 



Btiull«n and 
'HaU'a noD- 
eipantltp rt>. 
Latlve cnn- 
cleailnE I''n- 
sIdp, Albi<»o 
Mill), Lon- 
don, date 
l7Sfl. 



Holmbiiili, Ci^rn- 
lih^ coudriiaing 
I'^nglne, ttngln 
artirififorptimp- 
liiirvater. Mean 
ncri ckpinilvelj 
art^T tbe firit 
■ Ixth a( Ibe 
iiTiikp. I^C, 



SO-0 



+ 30 

140,484.348 
119,0'J: 

26-48 



Noncondenilnn 
duub)c-aei- 

DOiKrupiiigtlvB 
t'oiiglrlon, 
Cliethlre IS'iS. 



+ 20 

I!,41».5S0 
15,840 

13 



Cctmlih Rn^ine. 
V.tn l^ndoD 
"Water Workt. 



+ 5-17 

105,664,118 
110,716 



Duullon ard 
Watl'ipimip. 
IngEnirlnKit 
Ban Ixmdon 
Water Worlis. 



+ 2*15 

46,602,3M 
53,369 
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tph«rie engine at Iam^ Benton. In the second column vill be fonnd timilsr 
tmniculftTB of Uoalton and Watt's condensing rotative engine at the Albion 
Mills, In the third column we have put down the same datii for the Holm- 
bush Cornish engine: and, in the fourth, for a high-presiiire non-condensing 
engine, whot« duty was determined by iMr. Wjcksteed. The last two eoluranj 
supply the oune data for a Cornish engine and Boulton and Wattpuoipiog- 
engine at the Eaat London Water Works. The economical effects of expan- 
sion will be found to be very clearly exhibited in this table. The duties 
arc recorded in the fifth line from the top, and the degree of expansion in 
the bottom line. It will be observed, that the order in which the different 
engines stand in respect of superiority of duty in the same as in respect of 
amount of expansion. The Holmbush engine has a duty of 140,464,646 Ibi. 
raised 1 foot by 1 cwt. of coals, and the tteam acta expansively over 
•830 of the whole stroke s while the water-worka* Comi«h engine hu only 
■ doty of 105,664,118 IbL, and expands the steam over only '687 of the 
whole ctroke. Ag&io, comparing the two Boulton and Watt engioea 
together, the Albion Mills engine has a duty of 25,756,752 lbs., and no 
expantire action. The wuter-wurks' Boulton and Watt engine, again, acta 
expaoxively over one-half of its stroke, and has an increased duty of 
4,660,333 lbs. Other causes, of course, may inflaence these corapari»ons, 
especially the last, where one engine is a double-acting rotative engine, 
■nd the other a single-acting pumping one ; but there can be no doubt that 
the expansive action in the latter is the principal cause of its more 
econoniienl performance. 

Mr. Parkes has extended his investigations in the papert we have 
Utentioned to the subject of locomotive boilers, but here he has &llen into 
aome strange blunders. He haji collected all the experiments of Wood, 
Punbotir, and Lardner. on that subject, and thrown their retultt into the 
tabulated form, in the same way that he has treated other kinds of engines 
and tlie result is. that he ihinkji that he is entitled to reject the whok', aa 
being utterly unworthy of credit. This sweeping sentence is pronoonced 
principally on two ground*, — first, that ibL' experiments, by the same 
person, flatly contradict each other ; and, second, that they go to show that 
a cubic foot of water, as steam, dues more effective work in a locomotive 
than in any other form of engine. Unfortunately for Mr. Parkes's rrpu- 
tation, however, while he was thus seaiously engaged in bringing to light 
the errors of others, he fell into the very common mistake of overlnokmg 
his own : and in this part of hii paper he has scarcely analysed a single 
experiment that be has not misanderstood and perverted, till, towards the 
end of bis paper, he geu involved in tuch a labyrinth of errors, that extri- 
cation is impoasible. Mr. Parke*, however, seems not to have been ot all 
aware of the treacherous ground on which he was standing ; but, elated 
with the idea of having effectually demolished the experiments and theories 
of three authors who bad usually been received ns nuthonties, he pn>ceeds 
with the utmost complaceticy to build a theory of his own on an entirely 
new foundation. 

Tiw Aindamental principle of this new theory is thus enunciated "The 

MOtatani comtnunicated to the entire mass set in motion, represents the 
lueM mechanical effect exerted by the steam." This is the pith and 
marrow of the whole affair, and when it is explained that " momentum " 
liere ia nacd in its ordinary setiae, to sipiify the wiight of the moving body, 
multiplied into its velocity, it will be at oucc [H-rcvived that this measure 
of the power of the engine takes no account of the resistance encountered 
"^ the train on the rails.' It may, therefore, be demonstrated, on Mr. 
Parkes'i inomt'iitum principle, that the power expended in driving a 
train at ten miles an hour i^ an inclined plane, is precisely the uune as 
that ex(>ended in pushing it liown the aame plane at the same velocity. Mr. 
Parkes, however, sees no difficaldea or inconsistencies in bis way ; he pro> 
ceeds fearlessly to the application of the new theory. He takes all the 
locomotive experiments lie can collect, and multiplies the weight of the 
train in toi» by the velocity in feet per second. The products be puts 
down in a table, and calls them the momentums, which are the measures fit 
the power of the engine. He then proceeds, with the utmoitt coo6denc«, to 
porge the roll of all the erroneous experiments. He aMunies that, when- 
ever the weight of a train is increased its velocity must be diminished, (for- 
getting;, of course, that the light train Bav be going up hill and the heavy 
oue down.) in a greater proportion than the weight was increased. Hence 
the greater the velocity the leas ought the "momentum" to be, the weight 
beiiiK the some, or the greater the weight the greater should the momeomm 
btr, and all the experiments that contradict these canoiu he condemns at 
once. I'ake a tpe<.-iinen : — "A reference to the Fury exhibits that engine 
as hiivlng |»erfuniied more work at 35 than at 3I{ mile* per bonr ; it 
in tluTffort with certainty we nmy conclude one or both of these experi- 
ments to be CTtineous." The excellence of the new method every- 
where comes out in stron? relief. " I adduce Uiese few compariftons to 
exhibit the fkcility and certainty with which they are developed by this 
mathod of invritiKation." " .\nolher instance of the delicacy of Ibis test." 
* Thia method of invesligaiion di»oloM>s experimental defects as well as 
♦rrora of fact," If the re.ider is curious to know more of the theoretical 
" defecta, aa well aa errors of fact." that abound in this Eway. we beg to 
refer him to the Inlmduction to tlie second ttlition of Pambour's Treatise 
on Locomotives, where be will find it tned by such " delicate testa," that 
Ter\ liiile uf it sunda the proof, 

Vt'tf must now. however, distniaa lbe«e speculaiiona. and with tham tb« 
whole subject uf the efficacy of different kinds of boilen Dpon which we 



have already expatiated niBciently : we shall therefore oooelade o«r r^ 
marks upon the subject by introducing a. table of the companCtT* CTtycck- 
tive power of different kinds of coal, which we have derival frvoi Mr. 
Wicksteed's experiments, and which will prove nsefUl, by ~ '" 
for the comparison of experiments upon different boilers when 
kinds of coal are used. Without this means of reduction, 
would be useless for comparison, unlesa the fuel employed was in every caae cf 
equal evaporative power ; but when the relation between the eva|)<inti>c 
power of different kinds of coals is ascertained, the retulta of experuaaua 
can be easily reduced so as to render them comparable with one aootbtf. 

Tabk of the Ctmparatict Eoaporative Powtr o/differtnt MtuU o/ C«qL 



No. 


Deieriptlon of CoaU. 


Water evspor. 
■led iMf 111. at 

CtMU. 


Vilospse 
TuBtaifea 


1 
3 

3 

4 

i 

6 

7 

B 

9 

10 

n 

12 


The beat Welsh - - - - 
Anthracite - - - - • 
The best small Newcastle 
•Average small Newcawte 
Average Welsh . - . . 
Coke from Gas-works - - • 
Coke and Newca-nle small, | and | - 
Welsh and Newcastle, tuixed ( and 
Derbyshire and small Newcastie,|& 
Average large Newcastle 
Derbyshire - - - - • 
BIytbe Main, Northumberland 


LU 
9-4?»3 
9014 
8-524 
8-074 
8-045 
7-»0« 
7S97 
7-863 
7-710 
7058 
6-772 
6-600 


17 11 
17 
16 1 
15 t\ 
15 SI 
14 11 
14 10) 
14 10 
14 t 
14 & 
12 9 
19 & 



Strength of boiltrt. The exten.sion of the expansive metbiid at rmflojia§ 
tteam to boilers of every deniiminaiion, and the gradual intrndncdciB ia 
connection therewith of a higher pressure than formerly, makes the 9«(*> 
tion of the strength of boilers one of great and increaaing impoiTiiiff 
This tonic was very successfully elucidated a few years ago by a conunitie* 
uf the 1-ranklin Institute, and we shall here recapitulate a few of the Bor* 
important of the conclusions at which they arrived. Iron boiler plate wga 
found to increase in tenacity as iu temperature was raised until it reaekcd 
a temperature of 550° shove the freezing point, at which point its tenacity 
began to dtminiih. The following table exhibits the culwsiee Itraaglk M 
ditlcrcnt ten)(M.-raiures. 

Al .V/'-' to so-' lit* iniscKr wai s Mt.onoibt. or l-7tb brinw UsaoalMNB. 

At K7<<^ K tiA,Min llM., thr BMXiiDun. 

At 7tCP • .Vk.QiO ItM.. Uw nunv nmrlj ■• ai Sfc. 

At |lWr:> — « lt,i<iOltw.. ncorlr i orihc ttiKXtmuHi, 

At l^io^ — • n/inoib*., netrlr lof Ihr matimun. 

At 13170 — »,0O0tb*., Dearly I'^Uk of thviuAiaiuin. 

A I VnP Iron bwotiM-* (lul.1. 

Copper follows a different law, and appear* to diminish in amnfib bji 
every Midition of heat, reckoning from the freeiing point. The aonarc it 
the diminution of strvnglh seems to keep pace with the cube of tne ten- 
perature, as appears by tlie following table : — 

Table »kov>i)ig the Diminnlitrn of Strength q^CoPPEB Boilrrrialf fnt a^llt. >• 
to the TemperalHre. the Coheaitm at 32° bting 33.8*Ki lb*, per Sf/nan J«, A. 
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T«iniM>rKlniv 


tMmlnuttoii oC 


No. 


T«Tip«^t«»r« 


t>i)rtmi«tmi of 


■Uive 3»3. 


Hinmath. 


•tw«a 19', 


Mmwtlk. 


1 


900 


0-01 75 


9 


acxp 


0««S5 


3 


160 


0-0540 


10 


769 


0'43!»8 


S 


270 


0-0946 


U 


81S 


0-41»44 


4 


360 


01513 


13 


880 


o-5&ei 


5 


450 


0-2046 


IS 


984 


0««91 


« 


460 


0-2133 


14 


1000 


0<74l 


7 


513 


0-2446 


15 


1300 


08861 


8 


529 


0-2358 


16 


laoo 


i-oooo 



In the case of iron, the following are the results when tabulated after a 
similar fashion. 

Tahit of ExptrimenU on Iron Boiltr-P!ate at fUffh Ttmpmtturti ; tit 
Mean Marrmum Tenacity being at 5^0° v 05,000 J&*. per Sijnate Ineh. 



Tenipersoira 


DlmlniKlMi or 


Tempetntuf 


Dtmlnutimi of 


obJarvaa. 


Tcaaciir ulNwrvad. 


olMervnl. 


TeiiacKj ubMrvMl. 


550* 


O^OOOO 


8940 


0'9010 


670 


o-o«e9 


9S3 


0-3334 


S96 


0-0899 


947 


0-3593 


600 


0n)964 


1090 


0-447 H 


630 


0-1047 


111! 


0-55U 


,•(^3 


1135 


1155 


0-WOO 


732 


01436 


1159 


0^11 


732 


0-U91 


1187 


0-«35t 


734 


I>I535 


1237 


o-««n 


760 


0-1389 


1245 


0<7I5 


770 


0-1627 


1317 


0-rooi 
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The difference in strength between strips of iron cut in the direction of 
the fibre, and strips cat across the (train, wa* found to be about 6 per cent 
in farour of the former. Repeated piling and welding vaa found to in- 
crease the tenacity and closeness of the iron, but welding together different 
kind* of iron was found to give an unfaTourable result ; rivetting plates 
was fonnd to i>cca$iun a diminution in their strength, to the extent uf about 
one-third. The accidental over-heating of a boiler was found to reduce 
its strength from 65,iX)u lbs. to 45,000 lbs. per square inch. Taking into ac- 
count all these coniiogcncies, it appears exp<-dient to limit the teniiiie force 
apoo boilen in actual use to about 3U0U lbs. per square inch of iron ; and in 
caaea where the shell of the boiler does not aiford this strength, either stays 
■boald be introdnced,. or the pressure within the Iwiler should be dinainished. 
The application of stays to marine boilers, especially in those parts of the 
water spaces which lie in the wa.kc of the furnace bars, has given engineers 
much trouble ; the I plate, of which ordinary boilers are composed, is hsrdljr 
thick enough to retain a stay with secarity by merely tapping the plate, 
whereas, if the stay be rivettcd, the head of the rivet will in all probability 
l»e soon burnt away. The best practice oppenrs to be to run the stays used 
fbr the water spaces in this situation, in a line somewhat beneath the level 
of the bara, so that they may be shielded as much as possible from the fire, 
while those which are required above the level of the bars should be kept 
M nearly as possible towards the crown of the furnace, so as to be removed 
from the immediiite contact of the (ire. Screw bolts with a fine thread 
tapped into the plate, and with a thin head upon the one side, and a thin 
not made of a piece of boiler phtc on the other, appear to be the best 
description of stay that has yet been contrived. The stays between the 
aides of the boiler shell or the bottom of the boiler and the top, present 
little difficulty in their application, and the chief thing that is to be attended 
to is to take care that there be plenty of them ; bat we may here remark 
that we think it an indispensable thing when there is any high pressure 
of steam to be employed, that the furnace crown be stayed to the top of the 
boiler. This it will be observed is done in the boilers of the Tagus and 
Infrmal. constructed by Messrs. Miller, Ravenhill, and Co., and figured at 
pa^^s 66. 71 . and 72 ; and wc knew of no better apecimen of staying than 
u afforded by those boilers. 

ShoM ttenm-boat boilerg be of iron or copper f This is a tiuestion that 
has often been agitated, though we tliink it is practically set at rest by the 
almost universal preference of iron boilers. In the bataiices that have been 
■truck between the expense of copper boilers oa the one hand, and (heir 
durability on the other, wc think the durability has in most tOBtunces Iteeu 
overstated. Copper boilers are very liable to damage in the ftimaces from 
tolphurous coal, and in the flues from the action of the salt deposited by 
accidental leaks ; and a leak in a copper boiler will not staunch itself by 
corroaion as in the case of iron, but will rather become worse. In some 
euea that have come under our notice, holes have been burned in the 
cop pe r plates of the furnaces by the action of sulphurous coal ; and as uo 
ot&er kind of coal was conveniently accessible, iron furnaces had to be 
introduced into the copper boilers. The danger from letting the woter get 
low, moreover, is very great in the case of copper boilers, and w ill be 
■Imon sure to lead to an explosion if there be any considerable pressure. 

These considerations are in our eyes sufficient to justify the general pre- 
ference of iron boilers over those of copper : but there is another point which 
must not be overlooked. Improvements in boilers are taking place everyday, 
ud a boiler that lasted very long would become antiquated before it could 
be worn out. The general introduction of tubular boilers, for example, 
within the hut two years ii one of those itmovations to which more ancient 
ncthoda mnst yield ; but in cases in which copper boilers had been adopted 
Mch improvements could not be introduced without caMing aside a boiler 
that ftill was sound. 

With respect to the tubes and tube-plates of tubular boilers, we are of 
opinion that all things considered it is more expedient to make them of 
inm than of brass. The scale adheres to the iron with greater tenacity 
than to the braas, which is a disadvantage ; but if the boilers be taken right 
CUV of no scale worth speaking of con accumulate on the tubes. The 
nMDV&ctare of iron tubes has been improved so much that there is not 
Btoeh difficulty in getting sound tubes of tough iron, the ends of which 
may be turned over in the ordinary method practised in the boilera of 
locomotives, and iron tubes have the great advantage tlmt they will not be 
suddenly melted should (he water within the boiler happen to get too low. 

Erplvtiop*. This subject has been investigated with much care by the 
COHimittce of the Franklin Institute, whose experiments on the strength of 
boilen we have already mentioned with commendation. We are unable, 
faowerer. to follow these experimentalists in their researches, and have only 
room to remark that we believe most explosions wiJl be found to have 
■rimn either from an undue pressure of the steam, or fh)m the overheat- 
iB^ of the plates composing the boiler. The plates of the boiler may 
become overheated either in consequence of a want of water in the boiler, 
or from fiich a configuration of the internal parts of the boiler that (he 
•tanm when formed cannot escape freely (n the sttrface. The bottoms of 
hrge flues opon which the flame beats down are very liable to injury from 
dui caose ; and the iron in such a case will probably be softened by the 
fceal, and in all probability will collapse upwards. Lightning, the stiddcn 
disengagement of large portions of scale, antl otiier siiiiilnr nccidents have, 
we believe, caused explosions sometimes. But these causes are of very 
anfrequent occurrence in comparison with those that we have mdicaied, 



and which would be oftener recognised as the real causes of ezplouuns, 
were it not tlmt people think they show their cleverness best by clearing 
np a dilftculty with a new h) poihesis that has been coined for the purpose 
in fancy's mint. 

The plugs of fusible metal sometimes introduced into boilers to obviate 
explosions by melting out before the steum can reach any high tt:ui|)erature, 
are found in practice to be of but little .ivaiL The compound metal is not 
homogeneous, and the more iUsible of the metals is melted first, and is 
forced by ilie pressure of the steam out of the interstices of the less fusible 
metal, leaving its place to be supplied by the debris which all water sup- 
plies. The consequence is that the plug ceases to be fiuible metal of ijie 
kind originally introduced, and cannot be melted by the steam even at a 
pressure and temperature much above that fixed as the requisite fusing 
poiut Plugs of i'usible melol should, therefore, we think, be discardrd, 
as they are only calculated to mislead by pretending to do what tlicy cannot 
accottiphsh. In tabular boilers, however, it is, we think, a good plan to 
introduce lead plugs in the tops of the fire-boxes — not with the idea thai 
they will be melted by the steam where its pressure get* high, but to be 
melted out, and ga-e notice of danger should the water fall too low. 

blwry Itoiier slmuld be furnished with a steam gauge, which may give 
indication of dangi-r should (.be pressure become too great, and the passages 
leading to the saJV-iy- valves should have no connection with the pipes lead- 
ing to the stop-vnlves. In some cases stop-valves have been lifted IVom 
their seats, and forced into the mouth of the pipe, so that no steam could 
escape thereby; and in consequence of the safety-valxe pipe springing 
ftom the pipe' connecting the boilers, the boiler thus blocked up was in 
great danger of bursting, and would have burst if tlie fires had not been 
immediately drawn. In the caae of any derangement of the safety-valve, 
or of the cone in the waste steam-pipe of a steam-vessel getting loottc, and 
blocking up the mouth of the pipe, the pressure in the boiler may be eased 
by opening the blow-lhrough valves of the engines, and the steam gange 
will in all cases tell whether any undue pressure exists. 

Priming. Priming arises from insufficient steam room, an inadequate 
area of water level, or the use of dirty water in the boiler: the last of these 
instigations may be remedied by the use of collecting vessels, but the other 
defects are only to be corrected either by a suitable enlargement of the 
boiler, or by incneasing the pressure and working mure expansively. 
Closing the tbrottle-valves of an engine partiolly wUl generally diminish 
the amount of priming, and opening the siifety-valve suddenly will pcne- 
rally set it astir. A steam vessel coming from salt into fresh water ii much 
more liable to prime than if she had remained in salt water, or never ven- 
tured out of fresh. This is to be accounted for by the higher heat at which 
salt water boils, so that costing fre^h water among it is in some measure 
like Casting water among molten metal, and the priming is in this case the 
effect of the rapid pro<luctiou of steam. 

One of the best palliatives of priming appears to be the interposition of 
a perforated phite between the steam tpace and the water. The water 
appears to be broken up by dashing against a plate of this description, and 
the steam is liberated from its embrace. In cases in which an addition is 
made to a boiler or steam chest, it will be the best way not to cut out a 
large hole la the boiler shell for establishing a communication with the 
new chamber, but to bore a number of small holes for this purpose, so as 
to fonu a kind uf sieve, through which a rush of water cannot ascend. 

/ncriutation. — The tncriistatioa of boilers by saline deposits was a much 
more important subject at one time thun it is now, as nothing has been 
more clearly established, of late years, than that boilers may be preserved 
effeciimlly from any injurious incrustation by abundant blowing off. Brine 
pumps are now in extensive use for withdrawing a certain quantity of 
water at every stroke of the engine; and the water so withdrawn has to 
pass through or lunong pipes carrying the feed-water to the boiler, so that 
some interchange of heat is there effected. These refrigerators, however, 
as they are grotesquely called, are in some respects bad things : the quan- 
tity of heat they save is, we believe, inappreciable : and the small pipes of 
which they are built op are liable to get choked, thereby endangering the 
boiler by the unconscious concentration of its contents. To guard against 
this danger, every engine fitted with brine pumps should be provided with 
a hydrometer for telling the specific gravity of the water in the lioiler, so 
that the engineer may not be cheated hy the defective action of the pnraps, 
or suppose that they are operating when they are really inert. In the case 
of blowing out a boiler in the usual way, the engineer looks nc bis gloss 
gauge tube, and keeps the blow-off cock open until the water-level has 
descended through the required distance, so that, under these circum- 
stances, no doubt can arise that the boiler has been emptied of a certain 
quantity of water ; but there is no such assurance in the case of the con- 
tinuous extraction of the water, either by brine pumps or by a continuous 
blow off; and all boilers nsing either of these expedients ahould be fitted 
with hydrometer gauges as a precaution against the contents of the boiler 
being suffered to reach an iiyurioos concentration. Numerous prescrip- 
tions have at various times been given as antidotes to incrustation ; such as 
putting potatoes and other vegetable matters in the boiler, or in the case of 
a steam vessel, taking the feed-water from the bilge. The application of 
oil to the flues has also been recommended ; and some boilers are fitted 
with a contrivance to inject oil into them just before the steum is let down. 
We look upon all such expedients, however, as needless, and are confident 
that boilers r.i^uire no other preservation from incrustation than effectual 
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blowing off. Collecting rcascli, howrrer, are •dvanugcotu, ns they enable 
a leci buiount of blowing off (o suffice : and, in the cue of the feed aopplied 
to the boiler being muddy wuier, ihey conduce to convenience and save fuel 
by obriating priming. The prevailing faolt among engineers, however, ii 
that they do not blow off enough, the idea probably being that a couiider- 
able check is given to the gencmtion of the steam by the introduction of 
eolder water in lieu of the water abstracted ; but tbe waste of heat by cffec- 
tttal blowing off is very inconsiderable — ntnch less, indeed, than is occu- 
■ioaed by the difficulty of getting steam from brine, or of transmitting heat 
to tbe water through flues covered with incrustation, much of which heat, 
is coDteqoence, ascends the chimney. There is no gain, therefore, in any 
retpect, by pemirioosness in Mowing off ; and there is much injury to the 
boiler, for incmsted plates become overheated ; they blister, crack, and get 
homed out, and make expensive repaint indispensable. Proprietors of 
engines shoald accept of no exeuit for the accninnlation of salt or incrust- 
ation within their boilers -, for such deposits arise altogether from insufficient 
blowing off. 

The best method of scaling boilers appears to be by lighting a train of 
(havings in the fumnc«s and flues af^er the boilers have been emptied of 
water. The rapid expansion of the metal, thus occasioned, causes the scale 
to crack off; and, if the flues be then washed down with a hose, the scale 
will fall to the bottom of the boiler, and will issue out with the water or 
taking off the mod-hole doors. This plan of scaling, however, is one that 
the engineer must execute himself, and must not entrust to firemen or other 
aubordinalest as the metal of tbe boiler might be damaged if the heat were 
made too great. The safely valve should, obviously, be kept open white 
the boiler is being heated and cooled, to obviate any pressure or exhaustion 
within it. This plan of scaUng, however, will seldom be necessary if due 
attention be paid to blowing olT by the engineer ; and If the quantity of scale 
be inconsiderable, or partial, in its attachment, the best plan will be to chip 
it off with a hatchet-faced hammer, and then wash down the flues with the 
hoK, M before described. 

CorrvioH. — The corrosion of boilers is one of the most obscure subjects 
in the whole range of engineering. Marine boilers si'ldinn last more than 
four or five years, whereas land bnilera, made of the same quality of iron, 
ofUra last 18 or 20 years, yet the difference in durability is not the effect of 
uy cbcmical action upon the iron by the contact of sea water, fur the flues 
of marine boilers rarely show any detenorat'on from this cause, and, even 
in worn-out marine boiJera, the hammer mark* on the flues are as conapi- 
ciKMis as at the time of their formation. Tbe thin tilra of scale spreod over 
tbe internal parts of the boiler would, of itself, preserve that part of the 
iron from corrosion which is situated below the water level ; but. whatever 
be the cause, it is a rare thing to find any internal corrosion of a boiler 
using salt water in those part* of tbe boiler with which the water comes in 
contact. The cause, therefbre. of the rapid wearing out of marine boilers 
is not traceable to tbe chemical action of salt water, and steamers provided 
with Hall's condensers, which «u|i|>ty the boilers with fresh water, have 
OM reaped much benefit in the durability of their boilers. 

Am ^ Steam Pataagei. 

Any excess in size of the connecting pipes which convey the steam to the 
cylinder is of little consequence in the construction of the steam engine, 
aUwrwiae than by tbe effect that it may produce in diminishing the tem- 
pvatwrv of the ateam, an effect that we will have occasion to consider by 
Md bjc: for until the steani has got Wvond the narrowest part of the 
pstsagw, it must b<- of tbe same density as it is in the boiler, but on entering 
the cylinder it must dilate itself until the density is so far reduced as to 
caiisi.' ihe difference of pressure which produces the increase of velocity 
through the contracted apertures: and since the elastic force is proportional 
to the deusity, the condition of ei]uilibriuu] obtains when the clastic force 
of the ateam in the boiler, drawn into its velocity through the apertures 
and the area of the apertures, is equal to tht* elastic force of the steam in 
the c) liiidcr drawn into the area of the piston and the velocity of its motion t 
and from the etjuation of e4|uilibrium here enunciated, the area of the steam 
pasaagia or apertores can readily be ascertained ; but for the purpose of 
•xpreaaing the relation generally. 
Pat /<-the elastic force of tbe steam in the boiler, in inches of mercury, 

corrpsponding to any piveo lemperature, 
y«the elastic force uf the steam in the cylinder, in inches of mercnry, 

when reduced by expansion, 
<t~thc area of tlie (tram passages or apertures in aqnare inches. 
r<klhe ^locit)! with which tbe steam from the boiler paiact through 

the apcrtnrrs in feet per second, 
a'«Bth« area uf the piston in square inches, and 
r' —tbe Telocity of iis motion in feet per second. 
Therrforc, by employing Ihcw aynhols in the equation of condition as 
verbally expressed above, the ntotDcntum or mechanical effect of the steam 
in the boiler, when referred to its motion through the apertures, i$ expressed 
by the trrra/a p. and the momentum or mechanical eiffect of the steam in 
the cylinder after paaatng the aperturea, when referred to the motion of the 
piston, IS expresaed by the terai ydV; but in the case of an eqnilibriam 
betweeo the forrea. these terms mnst be equal in valne ; let them therefore 
be compami with one aiMiher, and the e<juation in general terms becomes 



y a i> a/' a v' ; this is the equation of comdiiio* that inuit always be aatiiUcJ 
when an equilibrium obtains, and from it an expreuion for the ralne Df r, 
or the velocity with which the steam passes the aperturea can ca«ly bt 
deduced. 

At page 43. it is stated that when a pauage is opened between two naaek 
containing floida of different densities, the fluid of greatest density i 
out of the vessel that contains it into the one containing the rarer fla' 
a velocity equal to that acquired by a heavy body b falling thrt> 
difference between the heights of two uniform columns of the Huid 
greatest density, competent to produce the pressures under which tbe I „ 
are re<(pectively confined. Now, the principle here enunciated is precisclT 
that which applies to steam in the boiler under its tnU intenaity of preaaan; 
and the same steam when transmitted to the cylinder under iia 'ti™iw««fr t ll 
pressure. 

In order to discnsa the principle analytically, which u tbe beat aiMl 
eoaiect way in the present instance, let the symbol A denote the bdchlof 
the uniform colamo corresponding to the presKure in the boiler, aodl' the 
height of a colnmn of the same density corresponding to the preasarv ia 
the cylinder; then is (A— A') the height of the column which producea tltc 
velocity through the apertures ; that is, the velocity with which the siaaa 
enters the cylinder; therefore, by putting (A — A') for A in Na II. of tbe 
class of funnultc given at page 43, the expression for the velocity in gncatiwi 

becomes 10 r - v'4!23S (A - A'X or r -6-5 %/ (A- A") ; consequently, bjr tna»> 
ferring this value of ir to the general equation of condition, we gvi ii 

/a V'(A-A')—/'aV. Bnt according to what has been shown at page 44, 
tbe height of a column prwhiciog (he velocity is equal to 1-1341 tUDca the 
elastic force of the steam mukiplied by its volume from a cubic foot of «M*r. 
or, rather, by the number ivf times tLat the volume of steam exceeda Ikat 
of the water from which it is generated. In the present instance, boire*«r, 
the force to be considered must be the difference between the foree* in the 
boiler and the cylinder ; that is (/— /^: therefore, if A denote the balk of 
tbe steam from an unit of water, the principle that we have just annoanetd 

gives (/i -A')= rta-tl 6 (/-/•); hence we have 6l>a2/a */* (/-/^ -/^a V. 
Let the symbol b, which has just been introduced into the exprtaaion, be 
replaced by iu equivalent value in e(jwalion (U) page 42., and let » be thr 
fraction that indicates the losa or diminution of force that take* in tin- 
steam, on being transmitted fh>m the boiler to the cylinder ; then wr 

have b-- 



75*6T<temp. + 459, 

7 



and a/- (J—f) ; therefore, by asbatitnriiig 

these values in the expression immediately above, we obtain after a little 
reduction, the Ibllowing modified expression, viz. 

60-2 143 fa v'a (temp. •¥ 4M)~ fa'^. 
From tliis equation, any one of the quantities which it bvolvca 
readily be detennined in terrnii of the n-st ; but in order to adapt it 
practical application, we must elimtnale the quantities/ and y. which ioii^ 
cate the elaatie forces of tbe ateam in the boiler and the cylinder respec- 
tively, and this we are enabled to do by means of the expression "/->/—/*. 
for by transposition we have /—/' — '*/, and by collectiog the tanaa. il « 
/(I -a)— y i therefore, by substitution, we get 

60-2143 a v''« (temp, t 459) -a't' (1 -a). 
Tiie equation in its present form indicates an eqailibhnin when tke ■•• 
tion is made through a pipe of uniform diameter, without benda or ofeaow* 
tiaos of any kind otherwise timn what takes place at the apertitref ; bal fe 
order to make allowance for such causes of retardation in the velodlj m 
usually occur iu well -constructed and judiciously arranged cngiaaa, •• 
muj»t reduce the co-efficient from 60'2143 to 41'M68, acocurdiBg to a Dotfoa 
at page 44., and then we have 

41-6868 a v^w (temp. +4S9)-oV (I -»). 

If there were any direct meana of determining the valoe of « Is tkia 
equation, the area of the passages corresponding to any given leotftntaft 
or ehutic force in the boiler could be found in all cases by a very aiafla 
process; but since there is no maximum limit to the ecprrssioiv tbe fin- 
portion of the power that is lost in producing the velocity c«B osly be 
approximated by combining the results of ounierous obaerratkioa on tbs 
performance of good engines. The general practice of eminoat iaaBBte* 
turers ia to make the area of the steam passages about two teolha ef At 
area of the piston. Meaars. Boulton and >Vatt adopted thia profwika b 
tlieir best engines ; but other makers cotuider that one square iooh of fm^ 
sage for each horse power is a good proportion, and thia tbey wOun ia 
without assigning any reason for their choice: it is, however, rridcal ikH 
the intention of both these maxims is tn give the steam the same tc liia t * 
through the passages in engines of all aiaes ; but this cannot he CMTsct. Sf 
the principle be admitted, that the hone power in ainall enginea r«<|ttin« 
more steam than it does in large ones, and thia is a point that we babasa 
few persona will feel inclined to dispute, though the inOueocc of aaafe • 
truth upon the sixe of the cteam passages cannot be maieriai in pnctiee. 

Since it is the practice of engineers, when discuaaing the properties of 
engines, to estimate their pcformances by the diameter of the cylinder, tW 
length of stroke, and the number of strokes per minute, it nay be pivfei; 
before we proceed, to apply our formula to the determination of tbe ana af 
the steam passage^, so to modify it, as to involve tlie tenna paeoliv t» 
practical men ; and for this purpose 




Area of Sieam Passages. 
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Let d=ihc diameter of the piston estimated in incbes; 

i = the diameter of the steam passages, estimated also in ioches ; 
/=the len^h of the stroke in feet ; ud 
xntbe Dumber of strokes per minute, 

Then -we hate 30 v'=-ln', or r' = ^/n', and Tij the principles of mensara- 
tion it is a : a' : : S* : d* : conaeqoeatJy by substitution we have, 



1250-604 8* v'a (temp. + 4S9)->i^/ii'(l -m). 
"Wt ire now approaching the ultimate practical form of the equation ; 
bst we hafe still to assume a TaUtie to the quantitr n. Tredgold makes 
it j^th of the force of steam in the biiiler; and from his well-known atten- 
tion to Bccnracy, we adopt it as being probably very near the tmth ; at all 
CTents. we are not aware that snbseqtient researches hare elicited a standard 
that acrees more nearly wTth observation. From this value of n we get, 
by taking the nearest unit In the coefficient, 

105 J* Vlteiap, + 459) = d'ln', 

Harin^ thus obtained the final form of the equation of condition, we 
bate next to determine from it the diameter of the steam pipe, or rather, 
the diameter of the orifice through which the steam enters the cylinder ; 
■Dd inr this purpose we have only to divide both sides of the expressioD by 
all the quantities with which the required quantity is combined, and this 
being done, we get, 

« d'ln: 

105 V (temp. + 459)' 

this expression, however, invoWes the sqnare of the required qnantity ; and 
therefore, in order to determine its simple value, we must extract the 
aquane root of both terms ; and thus we obtain 

9 =</ v/^.r <y 11025 (temp. + 459) (a), 

ffiaoe tbe fourth root has to be extracted from the denominator of the 
ftaetion in our equation, it would be difficult to represent it in a specific 
fima ; bat the method of reducing it may be expressed in words as fol- 
low*: — I 

Ruts. To the temperatwre of iteam in the boiler add the comtant tHcremeiit 
459 ; muitiph/ tht turn by 1 1025 ; ami extract ikt $quart root of the pro- 
duct. Multiply the Itjtyth of *truke by ilte number of ttrokes per minute ; 
divide the product by the mfuare rtiot jutl found ; and muitiply the m^mire 
root of the quolimt by the diameter of the ci/Undtr ; iJie product unll be the 
diameter of the tteum pa*Migts. 

Eiamfde. Let it be required to determine the diameter of the steam 
pma^ in an engine of which the diameter of the cylinder is 4B inches, 
the length of stroke 4^ feet, and the number of strokes per minute 2<i, »up- 
poaing the temperature under which the steam is generated to be 250 
^j^TCca of Fahrenheit's thermometer. 

Ha« by the rule we get v'l 1025 (250 + 459) -2795-84 ; the number of 

atn^ua ia 26, and the length of stroke 4j fbet ; hence it is 3 ='',^/ pge.gi 

=>O-2O456</-0-20456 x 48 =9*819 inches ; so that the diameter of the steam 
paauges ia a little more than one-fifth of the diameter of the cylinder. 
The nine rule will aoswer for high and tow pressure engines, and also for 
the pasaages into the condenser. 

UXU or TOBCB BT THS OECBEASE OT TEHFESATtTBE IN THE RXAM 

PIPES. 

It has already been mentioned that largeness in the steam pipes between 
the boiler and the narrowest part of the passages, or where the steam 
enters the cylinder, is of no importance whatever aa regards the power of 
the engine, otherwise than by its effect in diminishing the temperature of 
the steam, in consequence of the quantity of snrfoce exposed to the cooling 
influence of the atmocphere. In modem practice this effect is greatly 
reduced, by ooTering the steam pipes with felt or some other substance of 
s like nature, which serves to rettun the heat and prevent the external air 
&om Cuming into contact with the metal surface; but, admitting the pipes 
to be employed in their naked state, it may be useful to inqtiire what nioy 
be the probable amount of loss arising ttum the diminution that takes place 
ia the temperatore of the iteam daring its progress from the boiler to the 
cvlinder. 



Put dsthe diameter of the steam pipe estimated in inches, being the usual 

measure of that dimension ; 
/■I the length of steam pipe, or the distance between the boiler and 

the cylinder in feet, including bends, &c. ; 
v^tbe velocity of the steam in moving along the passages, estimated 

in feet per second ; 
l^the temperature of the surjace of the steam pipe ; and 
I* —the temperature of the external air, which in its mean state may be 

taken at 60° of Fahrenheit 

Then, by the rules of mensuration, the area of the transverse section of the 
■team pipes is expressed by the term \^iP, where the symbol ir denotes the 
periphery of a circle whose diameter is unity ; that is, ir— aHiG. Bat the 



quantity of steam that passes throogh the pipes in one second is equal to 
the area of the section multiplied by the velocity of motion ; consequently, 
the quantity passing is expressed by the term \itd'v ; or, in cubic feet, it u 

-^^. Again, the surface of the steam pipe is equal to the circumference 

of the transverse section mtdtiplied by its length ; hence, the surface in 

vdl 
square feet is expressed by the term ^ ; but, by the laws of cooling, the 

loss of heat is directly proportional to the surface of the pipe*, and inversely 
as the quantity exposed in a second ; consequently, the loss of heat in one 
Second of time, that is, the loss t<f heat espcricnfed by the quantity of 
steam that parses through the pi[ies in one second, is proportions!! to 

wdt 576 48/ .. ^ 

li *rd''v~dv' Tredgold, in his treatise on " Warming and Venti- 

lating," has shown that, in the case of cast-iron pipes, the quantity of heat 
abstracted in a mlRiite by an unit of pipe is expressed by 2*1 (f— ('}; 
therefore, if t" be put to denote the loss of beat in one second, we shall, by 
combining the above terms, obtain the following equation, viz. 

</i/''«-lC8/(t-0; 
and, by reducing this expression in reference to t^ it becomes 
l-68/«-0 

n„ — <*>• 



r-- 



Here we have a very simple expression for determining the loss of heat or 
the diminution of tfotperature that lakes place in the steam during its pas- 
sage irom the boiler to the cylinder; and the method of reducing at may 
be expressed in words at length as follows : 

RvLB. From tha temperature of the rurface of the sleam pipe* * tubtract the 
(enperafiirt qf the external air; multipfy the remainder by the length of 
the pipe* in ftet, and a^n bjf the comtant number or coejicient 168 ; 
then divide the product by the diameter of the pipe in inchu drawn into 
the relocity of the xteam in feet per tecduL, and the quotient uriU expreu 
the diminution of temperature in degree* of Fahrenheit' i thermometer. 

Erample. Let the length of the sieom pipe be 16 feet and its diameter 
& inches, and suppose the velocity of the steam to be about 95 feet per 
second, what will be the diminution of temperature, on the supposition that 
the steam is at 25U° and the external air at 00° of Fahrenheit P 

Here, by the note to the above rule, the temperature of the surface of the 



1-68 X 16(237-5-60) 
5x95 



steam pipe is250—2S0 x0-05>237'5;hencewegett"~ 

«= 10-044 degrees. 

If we examine the manner of the compotition of the Above equation, it 
will be perceived that, since the diameter of the pipe and the velocity of 
motion enter as divisoni, the loss uf heat will be less as these factors are 
greater ; but, on the other hand, the loss of heat will be greater in propor- 
tion to the length of pipe and the temperature of the steam. Since the 
steam is reduced from a higher to a lower temperature during its passage 
through the steam pipes, it must be attended with a corresponding diminu- 
tion in the elastic force ; it therefore becomes necessary to ascertain to 
what extent the force is reduced, in consequence of the loss of beat that 
takes place in passing along Che pipes. This is an inquiry of some import- 
ance to the manufacturers of steam enpiues. as it st-n'es to guard them 
against a very common mistake into which they are liable to fall, espe- 
cially in reference to Meam boat engines, where it is usual to canse the pipe 
to pass round the cylinder, instead of carrjing it in the shortest direction 
from the boiler, in order to decrease the qasntity of surface exposed to the 
cooling effect of the atmosphere. 
L«t/=«the elastic force of steam in the boiler, corresponding to the given 

temperature ; and 
y'— the force to which it is rednced in paasing along the pipes, In con- 

seqnence of the reduction of temperature. 
Then, by subtraction, we have/—/' for the quantity of redaction by cool- 
ing ; but, during the process of reducdon, a part of the steam is converted 



into water j hence we get / : 1 : : /— /' ; ^f- 



■-ihe quantity reduced to 



water; consequently, if this be multiplied by 1000°, which is the heat of 
conversion into steam according to Dr. Ore's experiments, the product 
mast be equal to the quantity of heat the whole has lost by cooling in 
passing through the pipe* ; therefore, by comparison, we get 

l-6»f (/-£) _ \om{ f-f') 
do - f - 

and, by reducing thia expression in reference to/', it ia 
X 0-00168/(1-01 

• From tlie rault of numeroui «ip«>rini«nu that hare brvn pertomicd fnr tl>e curpnM 
of aiccrtaJDlng ihli dalum. it maj OD an average tie taken at one tireutleth Imi tnan Dm 
terapcratura of the ttcamlsT It— j,), «ber« T ll ttii (Mnpentura of tlw Meam In tlia 
boU«». ^ 

Q 
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Safety Valves. 



Thtt eqiutioD givcf the ebitie force of he steam as redaced by cooling 
to flowing Bloag ibe Meun pipe* t it is tntficieatlv timple for every prac- 
tical porpoae, tnd tb« aathod of rediicicg it is an (oUowt. 

Rule. From the Umptnlbtre of the turf are of the ttram pine eubtract the levf 
pemture of the txttmal air; mukipfy the remainder Ay Ike length of the 
pipe in Jm, and again bg tkt eatutant fraetionat coefficient 0^)0168; 
dtoide the product In/ the diamettr of the pipe in inehee dravn into the 
veioeilj/ of eleam in feel per ateomd, and luhtraet the quotient from unity ;. 
then ntdtiplif the difference (Aw obtained by the elaetie force eorretponJ- 
iny to the temperature of eteam in the boiler, and the product will be the 
wutic force qf the eteam at reduced bj/ cooling in paeting through the 
pipe*. 

Example. Let the dimensions of the pipe, the temperstare of the steam, 
and iu velocity through the passiges, he the same as in the preceding 
example, what will be the quantity of redaction in the elastic force occa- 
sioned by the effect of cooling ia traveraing the steam pipe ? 

Since the elastic tbrce of the steam in the boiler enters the egoadon fh>in 
which the above rule is dednced, it becomes Beoesaarj in the first place to 
calculate its value -, and this is to be done by the second clause of the mle 
on the first column of page 41., which answers to the case in which the 
ttimpcratore is greater than 213° ; that we have 
250 «1 -69856 >4S4 -640 
Constant number -305*526 add 



Som-esoiee 
Constant divisor ib 3^ • 



log. 3-79945 

log. 2-532444 subtract 



o-arTon x 6-42 »= 1-778410, 

which is the logarithm of 60-036 inches of mercury. 

Again, we have 250-0-05 x 2501-237-6; consequently, by multiplying 
as directed in the rule, we gel 237*5 x 0-00168 x 16 = 6 384, which being 
divided by 95 x 5—475, gives 0-01344 ; and by taking this from unity and 
multiplying the remainder by the elastic force as calculated above, the value 
of the reduced elastic force becomes 

/•-eo-oae (l -u -01344) -59*229 inches of mercury. 
The lota of force is therefore 60-036-59*289-0-807 inches of mercury, 
which amoants to the ^,th part of the entire elastic force of the steam in the 
botl«r aa geneimted under the givi-a temperature, being a quantity of suf- 
icMBt iaportaaee to claim the attention of oar engiueer)>. 

Safctt Valtss. 

It had scsrcely been discovered that the elastic force of itMun might be 
rendered useful as a motive agent, when it became neoesnry to apply 
contrivances for obviating the dangen that arose fh>m the incautious use 
of that might J agent. These contrivances have differed in form and in the 
Ihaory of thetr application, but they all go under the name of safety vslvra- 
Tbaao valves b«ug objocu of great importance, both to the operation of 
tibt taj^at aod the safi-ty ot iu attendants, we would here call the particular 
•ttcntua of oar nadcra to them. 

Safety valves are of two k iods, — internal safety valves, and atmospheric 
safety valves. They are colled internal or atmospheric, according as they 
are applied to the inside of the boiler to guard against explosion, or to the 
outside of the boiler to guard against collapse. 

If a boiler were allowed to cool down, the steam wonld gradually lose its 
clsstic force, according t<» the law subsisting between the elastic force and 
temperature of steam. When the steam had cooled down to a (cmpemture 
helow 212'^, the pressure of the atmosphere would then predominate over 
the ftme of the steam, and thus the boiler would be subjected to aa 
VBaaeeaaary prearara nnlesa the lir were admitted. The atmospheric aifety 
valve is to contrived, that when the steam has fallen lo a certain temper- 
ature, the air fbrcas it open and gains admittance into the b(nler to restore 
the equilibrium. The valve is generally of the fpindle kind, and is kept 
up to its leal by a rod attaching to a lever. The other end is generally 
ao loadsd that it keeps the valve closed with a force of 4 or & Ihsw t so (hat 
ttaa tanasplMric pressure Cnrcca it open whenever it exceed! tha elaMio 
ferw of IM atcara by that qoaatity. As the atmoapheric preanre amoimtB 
to IS Ihs. oa the square inch, or 19 lbs. ooarly on the circular inch, it 
follows that thv air gains admittance whettever the elastic force of the 
■team fklls to 9 lbs. or 8 lbs. above a vacuum. 

The external safety valve is intended to allow the steam to escape 
when, fhim inattention on the part of the engineer or otherwise, it has 
■eqnirsd aa •tasticity penkws to the security of the boiler, llie 
auneroos explosions which take pUce in all parts of the world where the 
ftMBt-engioe Is in us*, and which loo fkvquenily arise from the irregular 
Mtioa of this valve, aofBciently demonatrate its importance, and the great 
«dl tkcre ia for osre in its construction and arraogemeot. The valve is 
MBMBliy of the spindle kind, accurataly groaad, and fitted very correctly 
iBlo Iti seat, so that the border or edge of the vaWe is in close contact with 
ilB SMt. The valve is lowied with a weight proportioned to the opening 
of the s««t,ftBd the <>l<>«i X' t..ro,'of the steam at which it ia intended to open. 
Thus, sappiMs the ' -9 square inches, and the prtasure at which 

It is istendtd the v i open to be 5 lbs. per square tneh, thca iha 



valve ought to be loaded with a weight cqnal to 43 lb*. It ia of aaat 
importance that the opening of the valve should be property regalatcd. 
It is at least of vital importance that it should not be too smalL No cer- 
tain rule is established for the size of the opening. Tredgold states that it 
will be sufficient to allow -f^otn circular inch for each horse power ; that 
is, 1*25 horse power to each circular inch. It is obvious, however, that the 
size ought to depend chiefly upon the generating power of the boiler, and 
the maximum prvESure of the steam. We proceed to derive a rule for 
the calculation of the minimum tise of the opening. 
Let I — the maximum temperature to wbich it it wished the aMHi 
should rise. 
f —corresponding elastic force measured in inches of mercury. 
Let N— number of cubic feet of water that can be couvened into itam 

in one hour. 
Therefore firom formula (V) (page 42.,) the number of cabic feel of 
■team having temperatare t and corresponding force y, that can be proditf«d 
in one hour, is eqtial to 

75*67 X (459 + Q x N 

/ 
Let X ^ Area in square inches of the orifice of the safety valve. 

V — Velocity in feet per secoitd of the escape into air of steam tf 
temperatare ( and force/. 

Than then eaeaiwa per second ~ — cnhic feet of steam, and per hour 

25 X V. Now the orifice of the valve ought to be so regulated aa to aOem 
the (teaiii to escape ■■ fast as it can be formed b the boiler ; 
,^yY_ 75-67 x(i59-K)xN 

therefore, 

»-026e y (4 S > + K N 
/V 

But smce steam at a temperature of 212° balances the atmoaphere, w^ 
may conclude that the steam will escape at the same rate into the air as 1^ 
would into steam at a temperature of 2 12^. Hence we may apply the prin- 
ciple mentioned in page 43 : — 

Let A —height of a column capable of producing a preasore/ 

A' — height of a column capable of producing the preasore of th^ 
atmosphere. 
Then from formula 1 1 (page 43.) we obtain V - 5 VA - A'. But if c denote 
relative volume of steam at temperature t, then A— 1-1341 /», asd A'— 
1'1341 y V ; where f denotes the pressure of the atmoapl^ere in iacbea < 
mercury, 

/. V- 5 */l*l341ti(/-/) - 5*322 ^v (/-/) 

Substituting the value of r from formola U (page 4>>), and denotingj^ 

by a, we obtain 

V.6-3S9-v/75*67KNx(459-t-0 

- 46-82 V 117(459 + 1)" 

SubatitBting thia value of V, we obtain 

3*0268 . (459 +i)»It 

»— ~ — =:=~ 

4639 x/v'ax (459 -t-O 



therafcB^^^ 



-*0€53 



^459 + f„ 

W 

f^» 



« /459 + f 

'V/(/-j 



*■"•- ■/(/-/,) 

From this formula we derive the following rule : — 

Rin.K. — Add 459 to the temperature of the eteam m degree* of Pahrcahdt 1 
dixnile the turn by the product of the elattic force of the sfenai m inekeeef 
mercury, into iU excett above the weight of the atmoephere in inehee ^mer- 
euryt mMfilg the square root of the quotient bg -Oesa ; multiply this prwtuel 
by the number of cubic feet per hour ofvatemaporateiu and thie laet pr«daei 
ii the theoretical area of the or\fict of the mtfety valee in 1 
To apply this to an example — wliirb, however, it moat be 1 
will give a result much too small for practice. 

Required the least area of a safety valve of a boiler anited tot a 3A0 hour 
power engine, working with steam 6 Iha. bmtb than tin ataaospbez* co \\m 
square inch. 

Iu this case the total pressure is equal to 21 Iba. per square inck ; nd M 
in round numbers one pound of prcssntv ia equal 10 about two imehea ef 
mercury, it follows thst/ » \'i inches of mercury. 

It will be necessary to calculate ( from formula (8) page 41. The fpt- 
ration is as follows : — 

log. 42 .^6*42 <^ 1-63.1349 ^6-42 -0t5t«4a 
oonsiant ouefficient- 1»« 8-899S6S 



2*545205 
natural number — 350*92 
constant U'mpenuure — 1 2 1 



1-229-93 
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I 



I 



therefore A%tl /*J9j^^in 

-557p-Vl-3669-l-I68 

therefore T--0653 x 1168 w N--0757 N, 
We haTe (tated in a former part of thi» work that a cubic foot of water 
CTtporated per hour is equivalent to one horae power; ihtrdbre in this 
ea»e N = 250 and t = 18-923 sq. in. 

As another example. Required the proper area of the safety-valve of a 
boiler luited to an engine of 500 horae power, when it is wished that the 
Mtemnt i^oald never acquire an elastic force greater than 60 Iba. on the 
•qtiare inch above the atmosphere. 

In this case the whole elastic force of the steam is 75 lbs. ; and as 1 lb. 
corresponds in round numbers to 2 inches of mercury, it follows that/— 
ISO. It will be necessary to calculate the temperature corresponding to 
this force. The operation, as performed by formula 8, page 41., is a4 
follows : — 

Log. 150-r6'42-2176091-t-6-42- 338955 
constant coefficient =t 196 log. 2.S92363 odd 

427.876 T.63131S 

121 



uatoral number - 
constant temperature = 
required temperature 

459 + t 



therefore 



/(/-30J 



306*876 degrees of Fahrenheit's scale 

459+306-876 765-876 765-896 

150 X 120" 



-■042549 ; 



^"■042549 



18000 
= -20623 



•01347 X 500-6-735 



150 (150-30) 

therefore /#/-*' - 

Hence the required area -• -0653 x -20626 k 500 
•qoare inches. 

To show in what manner the proper opening of the safety-valve may be 
found when the temperature is giren, we shall calculate it for the following 
example: — 

Required the area of the safety-valve of a boiler suited for an engine of 
500 horse power, when it is wished the steam should never acquire a 
greater temperature than 300'^. 

In this example it will be nece«sary to calcnhite the elastic force corre- 
sponding to this temperature. The operation as performed by formula Q, 
P*g<t 40., is as follows: — 

300 X 1-69856-509-568 

con5tantci205-526 add 

sum «> 7 1 5094 . 
constant— 333 



log. S 854361 
log. 2582444 



•331917 
6-43 



therefore 



natural number — 13S'18— / 
f-l-459 759 



2130907 
759 



-•osaass 



yj 



'/C/-/)i 13511x10518 uais-aa 
/I +459 , _., 

'^ fTf—f)" V 053382 --281 

Hence the required area-0653K '231 x50O-'0151 x 50O-7'S5 square 
inches. 

It will be perceived from these examples that the greater the elasticity 
and the higher the correipooding temperature the less is the area of the 
safety-valve. This is ^ust as might have been expected, for then the steam 
can escape with increased velocity. We may repeat that the results we 
have arrived at are much leu than those used in practice. For the sake 
of safety the orifices of the salety-valve are intentionally made much larger 
iiian what theory requires iksuatly, 6 of a square ioch per horse power. 

We may here introduce some investigations touching Che action of the 
slide valve, though we are not sure that they do not come prematurely. 

8l£db Valve. 

Weshall first find a formula which— thedimensionsof the valve eccentric, 
ftc, being given — will enable u& to dud the exact position of the valve, cor- 
responding to any given part of the stroke of the piAioa ; and then a formula 
to give conversely the position of the piston correspondLng to any given poN- 
tion of the valve. We shall then. God another formula to determine the 
cv»-er and length of stroke of the valve that are requisite to cut the steam 
otf at any given part of the stroke. These formulas we shall iUusirale by 
examples, and subjoin a digest of the whole in three practical ruk*, with 
examples for the use of those who are not familiar with algebraic notatiou. 

We shall suppose ,/iy. 2. plate 4. to represent a steam eugine cylinder, 
crank, and short slide-valve. A A is the cylinder, o t< the valve, a a' the 
Steam ports, e the exhausting port H S is the valve rod connected with 
tiie lever O S, which works on u hhaft whoK centre is at O. On the same 
shaft is another lever, O P, to which the eccentric counecting-rod is attached 
by a pin at P. C is the centre uf the riy- wheel shaft. C D the length of the 
crank, and C V the radius * of the eccentric. R D represents the coU' 

• " Radlot oflhc «cc»ntrlc." Ef«rj' on» who hm given the lout dpyree nrcniiild»TSt<nD 
to Uia worUflf of lii« ucceuulc, luwwi Uuit 11 prMlucc* exa«4ly uu tjuua mottiMi as • louJil 



neeting-rod when the piston is at the top of the stroke, p p is the piston, 
and R/V is the piston-rod. The valve, as shown in dotted lines, is at ita 
middle position, or half stroke. When the piston is at the top of its stroke, 
however, the valve must be in the position shown by the sectional lines. 

Fig. 161. 



tf — 



i(l 






If/ 



The space F E' which the valve overlaps the steara port, we call the corer 
on the steam side. J K, the overlap on the other side of the port, we call 
the cover on the exhausting side It Ls usual to have the valve so adjusted 
that the steam port may be slightly open when the piston is at the top or 
bottom of iu stroke. "The space thus open, V E, we call the lead, la 
adjusting the length of the valve-r«d P V, care mu.sl be taken that the 
length is such that when the eccentric is in the position C Q, at right 
angles to C P, the valve may be exactly in its middle position ; that is, that 
the overlap F E' may be the some as the overlap G H at the other side. 
WTien the length of the valve-rod is thus determined, the proper position 
of the eccentric on the shaft may then be ascertained by placing the crank 
in the perpendicular petition, as shown in the %urt-s, and turning the 
eccentric round into a position C V, such that ihe valve will be pushed 
downwards so far as to cause the port a just to begin to be opened at F E. 
The eccentric may then be fixed firm to the shaft. 

To facilitate the following investigations, we shall denote the varioos parts 
by different letters thus : 

r s£ radius of the crank. 

t r'^radioa of eccentric, or half the strr.ke of the valve, 

J —distance of the piston at any moment frorn the top of its stroke. 

•' — distance of the valve at the corresponding time from top of its stroke. 

r= are travelled over by the crank (measuring from the ptrpendicular 
position C D) while the piston has moved over a iqnce— a. 

c =coverof the valve on the steam side. 

c' — cover of the valve on the exhausting side. 

/ —lead of the valve. 

We are now prepared to investigate a formula to give the value of s' a 
any part of the stroke. 

We shall, in what follows, snppose the valve-rod P V.and the connecting- 
rod, to be both indefinitely loug, in comparison with the length of their 

cr»iik «hot« nillut i) «ju«l to tiie dUt»n«e between thr ctnlrc of the Kcrntric rtn» and Ibe 
milre ol the tliaft. In thli gupcr, (licrrelore, we ib&U ipeak of the «ccentrlo <i if It were 
la rmllty lucb ■ tmvll rrank. 

f It cnajF tie «.■ well lo vtiMnrB that the leteri that work the TalTe are. In the Htrire, lup- 
poeed to be ratial, and of cuurie the iirnke of (he viilri- (■ Jii«t double ih« raitlui uf the 
ecceDtrlc. When the l<-?en are unequal, thii will nn longei b« the laae ; but in uiiiig ilte 
formulaj tliat folldiw, r* mud be takta a» half the itruke of the talre, oo matter wbit tba 
radlui ot thit aoccotiic it»f be. 
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KapeetiTe craakt C V and C D ; or, in other words, we iIulU consider these 
rod* to be always parallel to the lines C P and C />'. This, of coame, can 
MTer be exactly true ; bnt in almost erery case the error thus introduced 
ia tmall in amount, or at least of sach a kind as to produce no error in the 
results* of any practical importance. 

When the crank is in any position C IV, the distance t will evidently he 
eqnal to D U-, that is, to r—r cos r, and this will be the value of « in any 
pan of the ri'voliition ; for, after the crank passes the borisontal line CD", 
the cosines of « become negative. Thos, when the crank is in the position 
CD"'. « will be equal to D U'", or to r-r cot. *, the tame as before. 
We have, therefore. 



*-r— rcotxl .. 

ir-r{l— ct«. »)Jf •>"' 



Ajnin, when the crank is in any position C D*. the eccentric will also have 
moved over an arc \ V, equal DD' or to r. So that the distance if wiU b« 
equal to hf, or to r' •»■ Vm. 

That is, «' -A/ 

But kf=r-r cos, are V V *. 

Now the arc V V k may he considered as made up of three parts, via. 

k V or af»^, V V or x, and lastly, Q V, the length of which is dett-miined 

by the <{uantity of cover (c) and the lead (0: ihe arc VQ ht-inj niwavs 

such that ita sine multiplied by r' may be equal \oc-*L We shall therefore 

arc 4 V V'-90o+iia.-'^' + rt 
For tifflpUcity in the noUtion let ua pat 

Then, arc* VV'-rf + » 

And hfm.r'-r' cos. (d+a) 

But */-#' 

.*. f'-r'-r' CO* (rf+x) 

Or-'-r'[l-cofc(</ + x)jl ^f^^ 

Or •'-r'ireT».(rf + *)/ 
Now the are X ia cridently equal to the arc whose versed sine to the 
ndins r is equal to a, that ia, 



Sab«titnting, therefbre, in the last two equations, the values of x and d, 
ve shall have 

«'-r'[l-c«.(»0° + diL-'f^'+coa.-' ^) } 

Or •-r' vers. [w» + tin.- '—+ vers.— ) 

Afiin, tnm fbmula (6) we have 

t' — if^r COS. (rf + x) 

BfBce,i<-«'T-cot. -p — 



(A) 



x^eot. 



-•f'-s' 



-d 



Sobwfanting this valne of x in formula (a) we bavfl, 
a •rj I— COS. (cos. — ^ *' ) f 



OrtTTcra. (coa. 



• ll wmf b* VMllfMtArf m lit* Tt»A»f that «• •tmuM m*li» a frw ramarki. lo iliow boa It 
U Ibal Ik* •rr**r« (hiii lnin>1iic<«l Into uur lDr»i<l«(lu4i» are of cin pracilcaJ 
liiigliinii. Pint, with r'martlalMsbvrUM«*o(llM(«fln«ctlnrrv<l,tlM«fTor 
lairiiiatsJ lir ii •"<•• tram dts rttciawstswiii dw ilMCTsnk to not borisoMalat 
%»U mn^ «l \k» t^Atn. TkvsiOMiMaCOlBllwattOTiabsthccfaak, and 
O f tM esmsstlaa-rvl. Submm PsfOd P"lab*tlMaatfciiillin<rflhc(erokc' 
aflkssaM r. fOmtiV^t. will both In •^tial to P O. ind Owtrtan, If P 
la Hm BaalUai at tiM eroaa-hrad at halT Mrvk*. P C will aim Or oqiial <u PO. 
■ N I* thai lb* rrank i"<i'< •!•••. iv ii'i.ia iu» h.,fiioi.ii>l iii>.> at half 



tiraka, «i4 (ha %\fttXM >hr 
|»i>r* «lll Ilia rr .nW at h*lr ■ 
Tb« motion of <'>r ralta, \ 
mniiariinn-r'Kl, oiil. %<> far u if ti cuucrrucd, wurlu In 
•lai 0) a> If lh« mi<iM<-tlnf-rnJ vara intaditlj loBf. Ti 
la beratontai. lb* >ilr'- •lit N- In Ik* |M*l|lnn tirnrn>rT% fTirm7ir>ni11n< 

Tlila.n»Ul b* I' ,.< uofttor 

1V(r«rfHMl*' . to work cor r. 

tHTMSlMSSMbsr'' . and <• rhdu 

TWdSfWtasMaM prouucM uj a (k'Nl arfwiilil' 

Tlwvalvsbai^ ptaead 
a4hr« af lita ilnrt ni» ■■' 
MM chtfi l| Aoet Of 
ai Buir ttrok*. *h*i' 

t Mo -I A, inaap' 
I* aqnai to A, sad aa fu. 



ink, lb« 

<• ofiha 
' craiik, 
<; c/ank 

I tlM^ anflna. 
■* iwa ib€ putaa 
■'I 
irainftaact ftaa 

earractiv aili'n th* piilon Uat the and M thr itiiiko, itt« only 

«W« trafvl • imu r.irthav aits 

'<<■ will b» a liul« toiHV opsa 

: i« Rulnif tbc mht-f . 

\ ncaoi (lia aic whoa* eoilns 



■ (•rtu.iK 






Substituting for if its value, we get, 

t / -«r'-s' 

•«r J I— eot.! cot. — -j — 



-OOO-.in:'^')] 



Ora«r ven. f ven. 



— —90° — sin. 



(B) 



Either of the formulas (A) will readily enable us to find, by tlie aid of a 
table of natural sines, the value of *", or the position of the valve for any 
value at*, and conversely either of the fonnulaa (B) will give us the value 
of «, corresponding to any value of «'. 

We may now proceed to investigate a formula that will give the amotutt 
of the cover on the steam side that is rutiuisite to catue the steaui to be cut 
off at any required part of the stroke. 

The steam, when tbe piston is going down, will he cat off when tha 
edge of the valve E comes to the i-clge of the port F daring the upwaH 
motion of the valve. Now this will happen whvn the eccentric is in ataae 
position C V". such that the sine of the arc V" Q* it equal to the e«v 
on the steam side. But when the cratik has made half a revoluttoo, i 
reached its lowest position, the ecceniric will also have made half a rev 
lutiun, and will be in the position C V"". It thus appears that, when tbt 
steam is cat off, the crank has described an arc of 180 degn'cs, miniu the 
arc V" V"". Sujijiosiug, therefore, that C D"' represents the potitiim of 
the crank when the steam is cut off, we will have the arc D D' D"'«ii« 
V V V'. But the dikUnce of the piston from the top of the cylinder, 
when the steam is cut off (call this distance t") is equal to the radiua of the 
crank (r), plus the cosine C U'" of the arc D"' D"". We have, I 
■"a-r +r cot. D"' D""»r + r cot. V" V* 
/. cot, V'"V«-^^l=ir {fy 

Again, this arc V" V is composed of two arcs if V" and (^ V*. 

Sine Q' V'" to radius r' we have already seen is equal to the rvqoind 

etyrer on the steam side, that is, sin. Q' V" = "-, and since Q' V* >i Q T, 

we have 

c_+/ 
f' 

The lead is generally very small, and therefore these two area. ^ \* txA 
Q' V", are very nearly equal : so that it will be sufficiently accurate for 
practical parpotet if we make c, the required cover oa the atMBB tidt^ 
equal to 

r' sin. I arc V" V« — 1 A That is, c=8in. \ arc V" \* — { I (,) 

By a well-known trigonometrical fonuaio. 



sin. Q' V'-ll-' 



tin. I V" V« 



y(- 



I— cos. V"'V* 



Subftitatiiig in this the valae of V" V\ from formula (/), we g^ 

f" — r^ 



.•sin.iV'"V.y(^^') 
Hence(^).c-r'y(2Z=^')_4/ (C) 

The cover that is necetsar)- on the steam side to caiue the ttean 

cut off at any proposed port of (he stroke, may be aacertained fran fM > 
formnht, by substituting fur x". in the second member, the proposed Icagtk 
of stroke to be made before the steam is cut off. ~ 

The three fonnulat A, K, and < '. which wc have now investigated, 
enable tlie engineer to solve any questions that are likely to arise respretir 
the working of the slide-valve, and will frequently obviate the nr«eatily < 
the very common practice of making wooden models of the valve to a 
how it will work, or how much cover it ought to hare. The fonnulas ar^ 
easily worked, and require in general but little caicnlation. The <.nli 
auxiliary required is a table of natural sinet. which is lo be fotind 
almost every collection of trigonometrical tables. 
As an example of the application of formula (C) 

livhat. 

Let the Stroke of the engine . a. uvt 

Or . . r - 3U 

The stroke of the Tttlve . ^ |u 

Or . . . . r' = 5 

I.<ead . . . z. 1 

^' - 45 

It is required to find how much covrr the valve should have on the tieam 

aide to make the steam be cut nff, when the piston it 4ft inchc* horn lite 
beginning of the stroke. We have (C) 

c=5 y' /_~'^-\ — Jk2J inches, the amoant of 

required to produce the given amount of expontioit. 
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A* n example of tlie applicadon of formola (C), we may apply it to the 
nine ctkie. 

We h«Te fouDd that the cover sboold be 2J inchea to make the steam be 
cut off at three-quartert of the stroke. By formula (C) we may now verify 
oar calculation, sod — supposing the valve to be made with a cover of 2} 
iache« — *e can «ee whether or not it will cut the steam off at the proper 
part of the stroke. 

Siippofing the piston to bo mnving dnwowards, wheo the steam is cot 
<M, the valve is below its middle position by the length of the cover 2] 
ioebM. and when at its middle position, it is h»lf the length of its stroke (5 
iocbes) below its highest position ; hence *' = t\, or s'^^T-^'S. The values 
«f tbe «<her letters will be the same as before. We will have, therefore, 

cot. "'^~*' .^cos.-' — -475-1 11 84^ or 24IJ*' 

Both these ana have their cosines eqaal to — -473 ; ao that we may lake 
either of them. 

AuOiSui. — -J — > 



•Bin. -sas-aa* 



V — .' 



I 



•ad we have (C) 

»-r{l— cofc(lI8i° — 90«> — 32«) ] =r [l— cos. 3^°} 

Or,f-r {l— coi. (241i*> — 90° — 320) J r 1 1— cos. II91»J 

according as we take the first or second value of cos. 

Now, COS. 31° « 0-99 81 

And, cos. 1 I9i* —0 4924 

Hence, # = 30(1 — -9981) 

Or. s = . 10(1 +-4924) 

.*. #=-0.i7, or 44-76. 

The second valne of * is evidently the one reffuired for onr present pnr. 
poee, and shows that the steam will be rut off at 44-76 inches from (he 
beginning of the stroke, which agroes very nearly with our former calcu- 
latiun. which made a cover of 2j inches cut the steam off at 45 inches from 
the b<>ginainfr of the stroke. 

Wjth regard to the above calculation it may be remarked, that there are 
an infinite number of arcs which have their cosines equal to — '475 ; but if 
wre were to take more of these arcs it would be found, that they would 
ultimately all give one or other of the results we have already obluBed, so 
that it is unnecessary to take more than the first two of ihcm. 

The reason that we get two values fur j, is this. For each position of 
tbe valve there are two corresponding positions of the piston ; the one 
being ifs corresponding position when going dowowards, and the other 
when gviing upwards. The second value we got for f, therefore, shows \m 
that when (he piston is moving upwards, the valve will begin to open the 
port, a, when the piston is -0^7 inch tr»m the top of its stroke. By in- 
creanng the cover on the steam side of the valve, any amount of expansion 
■lay be obtained, and we might thus obviate the necessity of using expao- 
■ioa-Talves, were it not that increasing the cover on the steam side beyond 
noderate limits deranges the working of the exhausting p<^rts. A valve 
with much cover on the steam side mu.it always shut tbe exhausting port 
conaiderably before the piston has reached the end of the stroke, wl;ile it 
at the same time opens a passage to the condenser for the steam that it 
•CtaofT expansively, and thereby entirely removes the propelling power 
bdbrr the piston haa completed its stroke. In the valve we have taken aa 
■a example, tbe operation of this kind of valve in producing expansion is 
earned too fiar, or at least to the utmost allowable limits. As another 
•xample of the nae of formula (C) we shall apply it to the same vatve to 
■aeertaia lo what extent the objections we have just described apply in this 
iaatance. Let us suppose that the cover on the exhausiing side (c") is ^ 
iacb, we would then have (he exhaustion below the piston cut off when tbe 
waive is 5\ inches below its highest poaition. 

In other words we will have tf = 5^ 

Then. coa. lljl'lf^-ooa. ' - l.-oe" or-ac^" 




And as before, sin 



c*/ 



-32° 



Hence «' 



.30(1— COS. 2«'')orS0 (1 
/. j»3'03 or s = 63-04 



-COS. 142°) 



We thus fee that the exhaustion below the piston would be cut off when 
piston is still about 6' inch<:^s from the buttnm of its stroke. The other 
f walnc of ' shows that, when the piston is going upwards, (lie exhausting 
ge for the steam below it «ould be opcncU when the piston waa still 
3'W inchea from the top of the strt>ke. 

In what precedes we have spoken exclusively of the common abort slide> 
waive, tach as is represented in the figure ; but the long D valve works on 
vxacti; tlie same principle; only in it tbe exhausting sides of the ports are 
■anally reversed. The »(cnm generally enter» tlie cylinder from the insides 
aC the porta, that is, from K and M, and exhausts at F opd G. 



The formula fC) however will apply lotlie long slide without alteration, 
and (he other two formulas (A and B) require only one sign ut be changed. 
For the long D valve these two formulas will stand thus : — 



»'=r[l-cos./90='-iin. ' ^ + cot.~'l^\\ 

ors'-r. ven. /90"'-ian.~'i±/+Ter8. t\ 
,-r[l -coa.(co^ "' tr^-iiP + nuT' ^') ] 



or*— r. Tcra. (vera. 



r'' 



•90° + BJB. 



e + l 



-:-) 



(A) 



(B) 



The principal reaulta of the foregoing observations may be expressed in 
the four following practical rules, applicable alike to abort slide and long 
I) valves. 

RiTLE T. — To find how wniich cotter must be given on the ateam *id« in vrdsr to 
cut the tteam off at anjf given part of the ttroke. 

From the length of the stroke of the piston, subtract the length «( that 
part of the stroke that is to be made before the steam is cut off. Divide 
the remainder by tbe length of the stroke of the piston, and extract the 
square root of the <juotient. Multiply the square root thus found by half 
the length of the stroke of the valve, and from the prodtict take half the 
lead, and the remainder will be the cover reqaired, 

Rot.B 11. — To find at what part of the ^tro^e any give* amount of cover on. 
the ateam tide wiil cut off the iteam. 

Add the cover on the steam side to the lead ; divide the inm by half the 
length of stroke of the valve. In a table of natural sines find the arc whose 
tine is equal tu the quotient thus obtained. To thia arc add 9it^, and from 
ihe sum of tbi-&e two arcs subtract tbe arc whose cosine ia equal to the 
cover on (he steam side divided by half the stroke of the valve. Find the 
cosine of (he remaining arc, add 1 to it, and multiply the sum by half tbe 
stroke of the piston, and the product is the length of that port of the stroke 
that will be made by the piston before the ateam ia cut off. 

Rule ill To find how much be/ore the end of tht stroke, the txhatutiom 

of ttit Mleam in front of l/ie pmtvH will be cut off. 

To the cover on the steam side add the lead, and divide the sum by half 
the length nf the stroke of the valve. Find the arc whose sine is equal to 
tbe quotient, and add W'^ to it Divide the cover on (he exhausting side 
by half the stroke of tlie valve, and find the arc whose cosine is cqnal to 
the quotient Subtract this arc from (he one las( obtained, and (iud the 
cosine of the remainder. Subtract this cosine from 2, and multiply the 
remainder by half the stroke of the piston. I'hc product is the distance of 
tbe piftuD from the end of iu stroke when the exhaustion is cut ofL 

BtJUB IV. — To find hftwfar the piston is from the end of its stroke, when rt« 
steam that is projulling it by ezpantion is ullowed to escape to tlie cotuhnttr. 

To the cover on the steam side add the lead, divide the sum by half (he 
stroke of the valve, and find the ore whoso sine is e<^oal to the quotient 
Find the arc wh^tse cosine is equal to the cover on the exhauHtiiig side, 
divided by half llw stroke of the valve. Add these two arcs tORether, and 
Fuhtract 90°. Find the cosine of the residue, biibtract it fr<.im I, and mul- 
tiply the remalndfr by half (he stroke of the piston. The product is the 
distance of tbe piston from the ecd of its stroke, when tbe sti-am that ia 
propelling it is allowed to escape to the condenser. In using these rules 
all the dimensions are to be taken in inches, and the aiuwers will be found 
in inches also. 

From an examination of the formulas we have given on this subject, 
it will lie perceived (supposing that there ia no lead) that the part of the 
stroke where the steam is cut off, is determined by the proportion whicli the 
cover on the steam aide bears to the length of the stroke of the vnlve : so 
that in all cases where the cover bears the same proportion to the length of 
the stroke of the valve, the steam will be cut off at the same part of the 
stroke of the piston. 

In the first line, ocrordingly, of Table I., will be foimd eight different 
parts of the stroke of the |)istoD designated ; and directly below each, in the 
second line, is given the quantity of cover reijaisite to csoae the steam to bu 
cut off at that particular jjart of the stroke. The different sixes of tbe cover 
are given in the second line, in decimal parts of the length of the stroke of 
the valve ; so that, to get Ihe quantity of cover corresponding to any of Ihe 
given degrees of expansion, it isooly necessary to take tbe decimal in lite 
second Hue, which stands under the fraction in (he first, that marks that 
degree nf expnnbion, and niuUiply that decimal by the length yon ind-nd to 
make the stroke of the valve. Thus suppose you have an engine in whitb 
you wish 10 have the steam cut off when the piston is a quarter of the 
length of Its stroke from the end of it, look in the firM line of the table, and 
you will find in the third column from the left, \. Directly under that, in 
the seciind line, you have the decimal, -35iX Suppose thnt you tbink 18 
inched will bo a convenient length for the stroke of the valvi"^ multiply the 
decimal -250 by IS, which gives 4^. Hence we learn, tliai with an IS-incb 
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■troke for the v&Ue 4\ inehta of corer od the iteam tide will cAiue the steam 
to be cat off vhen the piiton hM ttill • quarter of its stroke to perform. 

Half (he stroke of the valve mast alvajt be at leatt equal to the cover on 
the Bti-ani tide added to the breadth * of the port ; consequently, as the 
cover, in this case, must be 4} inches, and as half the stroke of the valve is 
9 bchea, the breadth of the port cannot be more than (9—41 =• 4|) 4^ 
inches. If this breadth of port is Dot enoagh. we must increase the stroke of 
the valve ; by which means we shaU get both the cover and the breadth of 
the port proportionally incrvased. Thas, if we make the length of valve- 
stroke 20 inches, ve ^hall have for the cover '250 x20ia5 inches, and for 
the breadth of the port lU — £ a5 inches. 



TABLE L 



Distance of the piston trom' 
the termination of its stroke. 
when the steam is cut off, 
in pana of the length of iu 
stroke .... 



Cover on the stean side of tbe ' 
valve, in decimal parts of 
the length of its stroke 



'•289 



270 •Sao ,-M8 



•204 



177 



144 



102 



This table, as we have already iotiiDated, is computed on the supposition 
{hat the valve is to have do lead ; but, if it ia to have lead, all that is neces* 
sary is, to subtract half the proposed lead fhnn the cover fbund from ibe 
table, and the remaiDder wtU be the proper qaantity of cover to give to the 

TABLE II. 
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Tilve. Suppose that, in the last example, the valve was to ban | 
lead, we would subtract | inch from the 5 inches found for the ooirer by 
table : ttmt would leave 4} inches for the quau'Jty of cover that the valv* 
ought to have. 

Table I L is an extension of Table L, for the porpote of obviating, in MMt 
cases, the necessity of even the very small degree of trooble reqnii^ ia ai«|. 
tiplying the stroke of the valve by one of the decimals in Table L Tha flnl 
line of Table II. consists, as in Table I., of eight fi-actions, indicating tha 
various paru of the stroke at which the steam may be cat otL The iStst 
column on the left hand consists of varioos Dombeis thiU represent the di/* 
ferent lengths that may be given to the stroke of the valve, diminishiag. by 
half-incbvs, from 24 inches to 3 inches. Suppose that you wish the Hcoa 
cut off at any of the eight parts of the stroke indicated in the first line of Ihv 
table (say at 1 from the end of the stroke,} you find 1 at the top of tW 
sixth column from the left. Look for the proposed length of stroke cf the 
valve (say 17 inches) in the first rolamn on the lefl. From 17, ia that 
column, run along the line towards the right, and in the sixth eolaaus, sad 
directly under the J at the top, you will find 3-47, which is th« oorer i** 
quired to cause the steam to be cnt off at J fW>m the end of the fCttAc, if 
the valve has no lead. If you wish to give it lead (say J inch,) aabtrart ike 
half of that, or | - -125 inch from 347, and you will have 3-47 — 'ItS — 9Mi 
inches, the quantity of cover that the valve should have. 

To find the greatest breadth that we can give to the port in thk ease, we 
have, as before, half the length of stroke, 81 — 3-345 " 5*155 inchaa, vhich 
is the greatest breadth we can give to the port with this length of strokCL tt 
is scarcely necessary to observe that it is not at all easenual that tb« pMt 
should be so broad as this ; indeed, where great length of stroke ia the 
valve is not inconvenient, it is always an advantage to make it travel fhrther 
than is just necessary to make the port full open ; because, when it travels 
farther, both the exhausting and steam ports are more quickly opened, so 
as to allow greater (Veedom of motion to the steam. 

The manner of using this table ia so simple, that we need not trontde thi 
reader with more examples. We pass on, therefore, to explain the MC of 
Table III. 

Suppoae that the piston of a steam-engine is making its downward stroke, 
that the steam is entering the apper part of the cylinder by tlje apper 
steam-port, and escaping from below the piston by the lower exhanioaf. 
I>ort ! then, if (as is generally the case) the slide-valve has aooM eorer m 
the steam side, the upper port will be closed before the piston gets 10 the 
bottom of the stroke, and the steam above then acts expansively, while the 
communication between the bottom of the cylinder and the coadeeaer still 
continues open, to allow any vapour from the condensed water in tkt 
cylinder, or any leakage past the piston, to escape into the condenser ; hit 
before the piston gets to the bottom of the cylinder, this paaaage to th» 
condenser will also be cnt off by the valve closing the lower port. Soea 
after the lower port is thus closed, the upper port will be opened towards 
the condenser, so as to allow the steam that has b«en acting expansively 
to escape. Thus, before the piston has completed its stroke, the propeflisf 
power IS removed from behind it, and a resitting power is opposed htton 
It, arising ttom, the vapoor in the cylinder, which has no longer any pas- 
sage open to the condenser. It is evident, that if there b no cover oa 
the exhausting side of the valve, the exhausting port before the piatoa will 
be closed, and the one behind it opened, at the same time ; hot, if there ia 
any cover on the exhausting side, the port before the piston will be eiomA 
before that behind it is opened; and the interval between the ckMing of 
the one, and the opt-ning of the other, vili di-peod on the quantity cf u>»*t 
on the exhausting side of the valve. Again, the position of the ptatoa iiS 
the cylinder, when these ports are closed and opened respectively, ir«tt 
depend on the quantity nf cover that the valve has on the steam side. V 
the cover is large enough to «ut the steam off when the piston is y«C ■ 
considerable distance from the end of its stroke, these ports will be c\omi^A 
and opened at a proportinnably early part of the stroke; and when it i* 
attempted to obtain great expansion by the slide-valve alone, wiihoat ** 
expansion-valve, considerable loss of power is incarred Avm this cause. 

Table IIL is intended to show the parts of the stroke where, under iK*7 
given arrangement of slide-valve, these ports close and open rta p e ctl 'C ^5* 
•o that thereby the engineer may be able to estimate how much of *-''' 
efficiency of the engine he loses, while he is tr>ing to add to the power *^ 
the steam by increasing the expansion in this manner. In the table, items'* 
are eight double columns, and at the heads of these rolunms are «i^^ 
fractions as before, representing so many different parts of the stroktf ^ 
which the steam may he supp^^sed to be cut off. 

In the left-hand single column in each double one, are four deciinil* 
which represent the distance of the piston (in terms of the length of ' 
stroke) ft^m the end of its stroke when the exhansting-pon h^hre it 
opened, corresponding with the degree of expansion indicated by the 
at the top of the double column and the cover on the exhaoati^ 
opposite to these decimals respectively in the left-hand column. The 
hand single column in each doable one contains alao eaeh kmt 
which show in the same way at what part of the itroke lb* 
|>oTt behind the piston is opened. A few examples will, perhnpi^ 
this best. 

Suppose we have an engine in which the slide-valve is made ta ea| 
steam off when the piston is l-3d from the end of its stroke, and tiMt 
cover on the exhausting side of the valve is 1 viih of the whole length «f 1 
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■troke. Let the stroke of the piston be 6 feet, or 72 inchfi. We wish to 
know when the exbtiUitiDg port before the piston will be clo«ed, and when 
tbe one behind it will be opened. At the top of the left-hand double 
colamtL, tbe given degree of expansion (I -3d) is marked, and in the 
extreme left oolamn we have at the top the given ainoant of cover (I -Bib). 
Opposite the I -8th, in tbe first double column, we have -178 and ■0.')3, 
which decimals, multiplied respectively by 72. the length of the stroke, 
vill give the required positions of the piston : thus 72 » '178'»12'8 inches 
esdlstaoce of the piston from the end of the stroke when tbe exhausting 
pnrtSe/are the piston is shut ; and 72 x •033=2-38 inches = distance of the 
piston from tbe end of its stroke when the exhaosting-port behind it is 
opened. 

To take another example. Let the stroke of tbe valve be 16 inches, 
tbe cover on the exhausting side ) inch, the cover on the steam side 3J 
inches, the length of the stroke of the piston 60 inches. It is rt^tiired to 
ascertain all tbe particulars of tbe working of this valve. The cover on 
tbe ezhansting tide is evidently ^ of tbe length of the valve stroke. 



Agaiii, looking at 16 In the left-hand column of Table IL, wefltid in the 
same horixoiital line 3-26, or very nearly 3) nnder ^ at the head of the 
colomn, thus showiag that the steam will be cut off at | fW>m tbe end of 
the stroke. Again, under ^ at the bead of the fifth double columo iVom 
tbe left in Table III., and in a horizontal line with j, in the left-hand 
column, we have 053 and -033. Hence, -053 » 60=3-18 inches = distance 
of the piston from the end of its stroke when the exhausting port before it 
is shut, aad'033 x 60=« 1*98 inches ■> distance of the piston from tbe end of 
its stroke when tbe exhanstiag-port b«hind it is opened. If in this Tulve 
the cover on the exhausting side were iacreosed (say to 2 inches, or 1 of 
the stroke,) tbe effect would be to make the port before the valve be shut 
sooner in tbe proportion of '109 to -053, and the port behind it later in tbe 
proportion of-Oita to -033 (see Table IIL). Whereas, if the cover on the 
exhausting side were removed entirely, the port before the piston would be 
shut and that behind it opened at the same time, and (see bottom of fiflh 
double column. Table III.) the distance of the piston firom the end of ita 
stroke at that time would be '043 x 60 c= 2*58 inchea. 
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An inspection nf Table TIL ihowc xa the effect of increuiog the ex- 
pansion by tbc f>1ide-Talirc in ftagnienting the loo of power occasioned by 
tb(.> imperfect action of the eduction pmsugea. Referring to the bottom 
Line of the Table, we see that the eduction passage before the piston is closed, 
and ttiat behind it opened, (tboa destroying the whole moTing power of ibe 
engine.) when the piston is "OSS tnm the end of its stroke, the steam being 
cat off at \ from the end. Whereas, if the steam is only cut off at ^ 
fW>m the end of the,stroke, the moving power is not withdrawn till ontjr 
'Oil of the stroke remains uncompleted. It will also be observed that 
increasing the cover on the exhausting side bos the effect of retaining the 
nction of the steam longer behind th-* piston, but it at the same time causes 
the eduction port before it to be closed sooner. 

A very cursory examination of the action of the slide-Talve is suiBcient 
to show that the cover nn the steam side should always be greater than on 
the exhausting side. If they are equal, the steam would be admitted on 
one side of the piston at the same time that it was allowed to escape from 
the other ; hot uniTersal experience has shown that when this is the case a 
▼ery considerable part of the power of the engine is destroyed by the 
resistance opposed to the piston, by the exhaosting steam not getting awny 
to the condenser with sulBcient rapidity. Hence we see the necessity of 
the cover on the exhausting side being always less than the cover on the 
■team side ; and the difference should be the greater the higher the velocity 
of the piston is intended to be. because the quicker the piston moves the 
passage for the waste steam requires to be the larger, so as to adwit of its 
getting away to the condenser with as great rapidity as possible. In 
locorantrTV or other engines, where it is not wished to expand the steam in 
the cylinder at all, the slide-Talve is sometimes made with very little cover 
on the steam side : and in these circumstances, in order to get a sufficient 
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difference between the cover on the steam and exhausting tides of 
valve, it may be necessary not only to take away all the oiver oa A* 
exhausting side, but to take off still more, so as to make btuh cxhaaatiaf 
passages be, in some degree, open, when the valve is at the middle of ia 
stroke. This, accordingly, i« somL'tiines done in such circumstaaeM aa 
we have described; but, when there is even a small degree of cover oti d:f 
steam side, this plan of taking more tham all the cover (iff the exl 
side ought never to be resort*.'d to, as it can serve no good pnrpoae, 1 
materially increase an evil w<> have already explained ; vis. the opening 
of the exhausting-port behind the piston before the stroke is nearlT ««•• 
pleted. The I'ables apply equally to the common abort slide thne-poMMl 
valves and to the long D valves. 

We here introduce the toilers of the noted steam vessels Tier M^sviy 
and Royal Consort. These bfiilers supply a pair of engin« wiih ttrant, 
the cylinders of which are G5 inches diameter, and the stroke d feet C 
inches. There are four b«jilers in each vessi I, fired at opposite endK 13 
inches separate in the direction of the vessel's length, and i feet 6 isehts 
asunder athwart -ships. The flues of the four boilers join so as to Coca 
the foot of the funnel, which is .S feet 6 inches diameter, and thns nakt It 
commence in the boiler instead of making it commence clear of the 
which is often done by maintaining the flues separate and distincC 
boiler is 9 feet 1 IJ inches in length, and 9 feet \\ inches in breadth. 
bright to the top of the steam space is 1 1 feet 9 inches, and the length 
the tubes is 6 feet 2 inches, the diameter 3 inches, and 4( inches distant ' 
centre to centre. The number of tabes is 160 in each. The bottom «i 
spaces are stayed with fifteen two-inch rivet-headed bolts and Boti, 
five iwo-inch stays secured by nuts pass through acron the boiler, h«i 
the furnace and tubes. The water-space at the inner side of each boUsr m 
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\](o wcnred bj four two. inch bolts. Each boiler has three flirnaccs, the 
c«nlr« one being 2 feet 2 inches iride and the iide ones 2 feet 4^ inches on 
the outside, but widening within to 2 feet 4 inches, and 2 feet 6 inehca 
l«»pectiTely. This is a very well secured boiler, but it would be an iro- 
proreioent if the tabes were placed at a slight inclination, in order to faci- 
litate the disengagement of the steam from the aftermost tube plate. 

The dorabilitj of boilers is affected by manjr circuusLatices, the more 
ffomiitent of which it may be expedient to enumerate. In murine boilers 
the steam-chests and the a<>h-pits of the furnaces are the first parts to give 
way. The out«ide of the steam-chtst is worn away by the dripping of 
traier from the deck, and. the inside by the action of the stean>, while the 
wear of the ash-pits is chiefly attributable to the practice of wetting the 
Mbes and queDching the fires with salt water. The action of the steam 
upon ttie interior of the steam-chest is most capricinuA, some parts being 
worn away rapidly, while other parts are uninjured, and the parts most 
rapidly deteriorated in one boiler are often untouched in smother. The 
iroo of the steam-chest, however, is as a general rule most rapidly worn away 
la th«ie boilers in which scale is permitted to accamukte. which may 
perhaps be from the extrication of muriatic acid &om the salt. Painting 
tile insides of boilers is not of mnch use as a preservatiTe fh>m corrosion, 
Bod ia laid to induce priming ; bat we think a whitewash, if it may so be 
termed, of Roman cement applied in several successive coats to the interior 
of the steam-chest, would be found to be an effectual preservative of the 
iron La that situation. For protecting the outsides of boilers wc know of 
so more effectual method than felting them and covering them afterwards 
with sheet lead that is soldered wherever there is a joining. The appli- 
estioo of felt, however, to the outside of boilers has in some cases been 
ftmad to acc«lerate their corrosion in the inside ; but the inside corrodoii 
be obviated by the application of the Roman cement. 
:eam-pipes, whether mode of iron or copper, are attended with practical 
ctions. Malleable iron pipes become rapidly corroded by the passage 

'tike steam, and large flakes of hard rust are carried iutri the valve and 
eyliiider, where they work much damage by scratching into nita the 
aurftees that ought to be sleant-tight. Copper steam-pipes hare a ^galvanic 
action upon the cylinder faces and the valves, by which the iron is worn 
•way or tnmed into plumbago. Copper pipes, however, are upon the 
whole less objectionable than pipes made of iron, and should obtain a pre- 
ference, though we think it likely that the recent redactions of the duty 
on glass will lead to the manufucture of pipes enamelled on the inside, 
which will be greatly superior to those now in use, as they will obviate the 
evil of corrosion. 

All tubular boilers should be provided with a self-acting contrivance for 
maintaining the feed, and this contrivance should be put in conaexion with a 
■nail CDgioe whose functions it is to supply the boilers with water. By 
thii Oipedieiit the water level may be maintained at its proper height, even 
when the engine is stationary, without having recourse to the laboriona 
operation of pumping by hand. Id a iteam vessel a small engine may be 
applied to a nomber of useful purposes, betides that of feeding the boiler, 
toeh as raising the anchor and transferring the cool {torn one part of the 
weasel to another. 

We have long been of opinion, that although there may not be much 
prospect of increasing the economy of the present Bteam engine by obvi- 
ating sources of waste not yet recognised, yet that the steam engine is not 
the best conceivable instrument for obtaining the mechanical power due to 
a certain quantity of heat It is only where two difTerent temporatarei 
■oheist that mechanical power can be realised, and the farther removed 
tlMie temperatures are from one another the greater the resiuhiDg power 
Bttft be. That instrument will therefore realise the greatest mechanical 
•fleet from a given ({uantity of heat, which may be worked with the 
greatest extremes of temperatore ; and if steam could be empkyed for 
working an engine as hot, or nearly as hot, as the fire by which it is 
g enerated, the true mechanical effect due to the heat employed would be 
obtained ; but as this obviously cannot he done, there is a lass incidental 
to the use of the steam engine which other contrivaDces may be invented 
to avert. In any case that we can imagine there must be much difficulty 
ia dealing with the high temperatures this principle appears to prescribe, 
hat the principle does not make high temperatures imperative, but merely 
great differences of temperature; and very low temperatures may not 
present the same impediments as very high ones. It is not by steam, 
however, that the benefits due to great differences of temperatore are 
likely to be realised, but bpr some other agent, that will be better adapted 
to the new circomstances in which it is placed. 

Svekaryed gleam. — Surcharged steam is steam to which an additional 
dose of beat has been given after leaving the water, and its temperature is 
therefore higher than is represented by its elastic force. If from ordinary 
tieam any part of the heat be abstracted, a portion of tlie steam must be 
candenacd, hut some of the heat may be abstracted from surcharged steam 
witfaoat occasioning condensation, and it is therefore spoken of as over- 
charged with beat, or in other words possessed of more heat than is reqni- 
aite for maintaining the vaporous form. Much difference of opinion exists 
as to whether the use of surcharged steam in steam engines is beneficial. 
The principle we have just mentioned appears to favour the notion that it 
it, but the general impression among engineers is, that the use of surcharged 
•learn b attended with no advaatageu We cannot say we concur in this 
belief i and aa some vindication of oar nonconformity, we shall here give 




from the Artitan tome eompntationt which favour the impression that 
surcharged steam is productive of an economy in fuel : — 

(1.) NVhen air is heated it expands, and the increments of roliune are 
proportional to the increments of temperature. Every increment of 1* in 
temperature produces an increase in volume of ^th part of the bulk of the 
air at 32°. This rule has been found to apply to steam out of contact with 
water. 

(2.) The specific heat of steam out of contact with water is in thli ease 
supposed to be inversely as its specific gravity. The specific heat of steam 
at 2 12"= = -847. 

From these data we may determine the amount of the saving by using 
the steam surcharged with heat after leaving the boiler. The subject may 
be investigated as follows; and we may suppose the temperature of the 
steam to be 212°: 

Let' (' i* temperatore to which the steam is raised oot of contact with 

water. 
Let *«mean specific heat of the steam between the temperatares SIS^ 

and t. 
Let «.' = the volume of steam at the temperature f, the volume at 312'' 

being 100. 
Let x»the volume of the same weight of steam at 32'^, supposing that it 

could be cooled to 32° without condensing, 
J^t Axheat required to raise 100 volumes of steam from 213° to I'. 
Let 6 = weight of water in 100 volumes of steam at 212°. 
Let c — heat retiuired to raise the temperature of a quantity of water (»&)• 

I degree. 
I^t h' •= heat required to generate, from water at 60°, a quantity of steam 

equal in volume to o— 10<l. 

Prom (1) we have x + xx ^(412—32) - 100 ; or, sincejgQ -. -002083 ' 

x-t-x X -002063 X 180-l00.',x (1 +-37'i94) = 100. 
_l0O 

•'•'"i-aNsi' 

From(l) also we get p=lon + xx -002083 (f~ai2), which by infaati- 
toting the value of x previously found becomes 
•20S3(f-219) 



c=100 + 



•37-t94 



hence we have 



Since the specific heat of steam at 212° is -847, and since we have so^ 
posed it to vary inversely at the specific gravity 100 : v :: '647 : tpedfia 

•847 V 
beat at the temperature l', which u therefore -._t- j 

/-847 V \ 

*=Hloo- +•»*')' 

Or, tubftitating the value of r. 



•647 + 



001764 (f-»ia) 



1-37494 



+ -847 



-•347-t- 



000882 (f -812) 



1-37494 

Bat A~(C-212°). t, c, which, by substituting the value of «, becomes 
. r -,.,.,.. 000S82 (f-2l2)M 
_ A.[.847(»'-2I2) + 1-37494 - j'^- 



1-37494 
Now the addition to the volume of steam produced by heating it fVom 

•2083 0-212) ^ ,^ 
212° toC»o— lOOa P3-494 — » *">" t"^ water m an equal volume 

may be found by this proportion. 
•208.1 (C- 2 i2) 
1-37494 



100: l> 



•002083 «'-2la) .4 



1-37494 



• weight of water 



A -(1000+ 150) .ex 



in a quantity of steam whose volume is at 2 12° ir— 100. Hence, soppoeiog 
the Litent heat of steam to be 1000°, we have 

0020830^-212) _ 2-3954 (f -2 12) .c 
1-37494 ~ 1-37494 

Now, since A^^heat required to produce an additional volnme of steam 
equal to v— lOU by heating the steam out of contact with water, and sinca 
h' et^uals the heat required to make the same addition to the volume of the 
steam by generating it from water, it follows that the saving of heat bj 
osing the former method ia A' — A. 



2-3954 (C-213) .e 



-{ 



847 (f-212) + 



000682 (f- a 12)* 1 
1-37494 I 



1-37494 
which, reduced, 

, 1-2308 (<'-gl 2) -000882 (1-212)* je 
1-37494 
The weight of water in steam equal in volume to t; at 219^ it evidently 

b. .- , consequently the beat required to generate from water iteam vquai 

B 
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in vdame to i^ if 6- -r^, —r- c^ irhich, by tubititatiiig the tbIiw of b, 
Dccoom 

which, bring nduced, gives the whole heat required to r^ie tteim eqaal in 
Toluine to p from water 

-ii&8ii8n-a3954 (t'-ata) 

1-37494 "*• 

CoDseqaentty bj this formula the heat saved it expreated in part* of the 
whole heat used in generating steani in the luoal way, 
1-37494 1 



k~k 



- by tabftitntion becomes 



l581l«l + 2-35»54(<'-8I8) 

1-MOR (<'-aia)-oooMa (i^-aiay 
issi'isi •*-S'a9&4 (f-aia) 

If the iteam be heated to 600°, then f »600^, and the formula in inch 

oaae gives the saTiog eqaal to y^ of the heat used, or Aiel coosiimcd io 

Ae eoBuaon way. In a similar manner the saving may easily be calculated 
Ibr any other valae of f. 

The preceding UTeciigatinn is foanded on the assertion that the specific 
heat varies inversely as the temperature ; and supposing snch to be the case, 
the saving resulting from beating tlie steam to 600* after leaving the boiler 
would be about jih of the whole fuel used. I shall next suppose that the 
specific heat does not vary with the temperature, bat that during expansion 
a certain qoantity of heat becomes latent, in which caae the sum of the 
sensible and latent heats absorbed by the steam after leaving the boiler 
(ila pwiiirc being the tame'), multiplied by the specific heat, will give the 
Mttul quantity of heat added to the steam in very simple terms. 

Frosn numerous cxperimenu by I..«slie and Dalton, on the heat or cold 
prodnced by air during, compression or expansion, Mr. Leslie has deduced 
the following very simple formula : — 

If denote the density of the air, then 4S 1^— sjwill denote the nom- 

bar of degrees of cold produced when the air is rarefied tn unity, or it will 
w p raa en t the heat that rvqnires to be added so as to keep the temperature 
uoohaDged daring expaiuion. The latent heat of steam is about lOOV, 
wherefore the beat necessarv to raise water from ec^ into steam is 1000^ -t- 
1&a~1158°, Fahrenheit. Let us suppose, as before, that the steam after 
leariof^ the water at the temperature of 213'' is heated to 6i)0^, and at the 
same tune that its pressure remains unaltered. Asthe specific heat of steam, as 
detennined by the roost accurate experiments, is '847, that of water being 
ItKH), the accession of heat necessary to raise steam from 213'^ to 600-" 
would be 338° if there were no expansion or alteration of volume ; 

for 1 : 388 : : 847 : 328. 
Sappoaiog the steam to be allowed to ex|Muid as the law of expansion ii 
^ part w its bulk at 33*^ for each degree of temperature (See Thornton 
00 Heat, p. 9), 100 voliuses at 312° become when heated to 60O<^-129 
vulumes. 



MSteiSliSJSj^^o : i048::ioo : 158-8 or isg. 

The density of the steam when so expanded will be 

100 /I V ^^ 

jj^--629 i therefore ^^.gjg- -629 j - the heat absorbed by air daring 

its expansion from I DO to 169 volumes, 

/I \ /I -629*\ / 1 •40t64l\ 

«l-629- ■^•-^)=''H-6U9--6M J-"(^— ^639-) " « CM8M»Jj 
«=26-025015 degrees. 

Asthe specific heat of steam, however, is greater than that of air, th* 1 
necessary to maintain the temperature of steam during its expan ' 
100 to 159 volumes will be 82°. For "2669 : 26 :: -847 : 8*** ; ihen^' 
fore the total heat required to convert 100 volumes of steam intn \i$ 
volumes is ll52° + 328" + 8a*-l562°, the pressure of the steam h^ 
supposed to be unaltered. 

To raise 159 volumes of steam io the common way woold reqain 
leai-eS". For lOO : 1152 ::159 : 1831-68«i wherefore 1831*68-IS«1- 
370° a: the saving resulting from the expansion of the steam by heat after 

it baa been generated, 183a ■«- 370 -f:=^ of the whole fiiel u«d, iastMdof 

t>" 

I 
j-^, as determined by the previous method. 

Eipaiuitm, — We have already, at page 1 2., given some explaaatk? 
the principle of working an engine expanRivuly, by which method wt 
showed a large economy of fuel may be realised ; and at page 35. we havt 
given a table of hyperbotic or Neperian logarithms, for the purpose of 
facilitating compulatinn» upon this subject. 

Let the pressure of the steam in the boiler be expressed by unity, and Irt 
X represent the space through which the piston has moved whilst urged by 

the expanding steam. The density will then be j and awoming that the 

densities and elasticities are proportionate, . — - will be the dirAratial of 

the efficiency, and the efficiency itself will be the integral of this, or. ia 
other words, the Neperian logarithm of the denominator ; wherefbre the 
efficiency of the whole stroke will be 1 + Nep. log. (1 + «.) 

Suppoamg the pressure of the atmosphere to be 1 3 lbs.. 1 5 -t- 35 * 60 Iba, 
and if the steam be cut off at \ uf the stroke, it will be expanded iato fbw 
times iu original volume ; 8» that at the termination of the stroke iu 
pressure will be 60.i.4=> 12-2 lbs., or 3-8 Iha. leas than the «H»iT ffhtrip 
pressure. 

When the steam is cut off at one fourth, it is evident that x— S. Li sack 
case the efficiency is ■ 1 

1 + Nep. log. (1+8), Of I + Nep. log. 4. ■ 

The Neperian logarithm of 4 is 1-386294, so that the efficiency of the 
steam becomes 2-38(i294 ; that is, by cutting off the steam at [, more than 
twice the effect is produced with the same coDsumptiom of fuel -, in other 
words, one half of the fuel is saved, 




The forms of parallel motion which have been n£cd are so varioni, that 
ire shall not atttnipt tn «Dumerate the whole. Id what follows, however, 
ve Khali treat of those varieties that have been most comnionlj adopted in 
land or marine engines ; and in doing so, it will be our object both to explain 
their principles of action, asd give practical rules for calculating the lengths 
of the various parts in every assignable ewe. 

The forms of parallel motion that we shall discuss are four in number -, 
4IIM adapted to land engines, and represented mfy. .1; the others used for 
Buuine engines, and represented in fy». 4, 5, 6. It will be f<uind that alt 
th«se different arrangements act on the same fundainental principle ; and 
ihtfrefore, before goiog fkrther, we shall proceed to expluiu iu l^t G C 
Md H F be two levers moving round centres at C and It, and connected 
together hy the rod or link G F. We shall suppose that G C represents the 
beam of sin engine standing in a horizontal position at half stroke. The 
rrtd H F represents the radius bar of the parallel motion, and at half stroke 
it must be horixontal, or parallel to G C. In the present case we shall 
suppose it to be equal to G C in length. If the beam be made to turn on 
its centre, so as to cause G to move towards G', the [Kiint E in the middle 
of the link G F will move upwards nearly in a perpendicular line R' S', 
bisecting the versLne D K, This will be evident from the followiDg con- 
siderations: — As the point G revolves in the circle G G', the point F 
rerolves with nearly equal rapidity in the equal circle F F'. Both points, it 
is evident, will, when the motion commences, approach nearer the line R'S'; 
and since the circles F F' and G G' are of equal radius, and the arcs 
deaeribed are nearly equal, the point F will move towards (he line H' S' 
U the same rate at the point Q. Both points will cross that line at the 
■UDC time, and both will respectively reach F' and G' simultaneously. 
F* L will evidently be equal to G' K. Now, if the points F and O are 
always on opposite sides of the line R' S', and at the same distance from 
it, it is clear that the centre of the link E must always he in it ; and, 
accordingly, this would be mathematically tme, if G F, by changing its 
inelination to the perpendicular, did not alter the perpendicular distance 
between the points F and G. This, however, it does ; and as the points O 
■nd F ascend the link, G F gets more nearly perpendicular ; thus increasing 
the perpendicular distance between G and F ; in consequence of which, at 
^H tbe point where F crosses the perpendicular R' S*, it has not described 
^Booiteao large an arc as the i>oint G ; or, when F is croK»i»g R' S', the point 
^H G is still at a small distance f^jm it. This renders the motion of the point 
E not perfectly coincident with (he perpendicular line : but the shortening 
of the perpendicular distauce between ti and F, by the vibration of the 
link G F, when the length of the liak is considerable, and the stroke of 
the beam not greater, in proportion to its lengtlu than usually obtains in 
■team engines, is so exceedingly small as to be unworthy of the slightest 
«ooaidcntioa in practice. At either end of the stroke the link G F will 
bare the tame inclination as at half stroke, and the point E will therefore 
be exactly in the perpendicular line R' S". at both these points. Its motion 
will be repreaented by the curved line R' O Sf,/ig 7, cutting the perpendicular 
at R', O, and S', and deviating from it by an alrao4!t imperceptible qnantity 
at X and W. From the &ct, however, of a deviatiun being coffiicd by the 
Tibration of the link G F, we may infer die propriety of making that 
vibratioa ■■ RiiaU as possible : and one very obvinns prpcautinn to be 
taken on tkis ground is, so to place the ierers U F and G V at half stroke 
Aat tbe line B' S' shall bisect both tbcir versines F L and I> K. I)y this 
the link G F vibrates equally on both sides of the perpendiicular, 
oooteqnently, never deviates from it so much as if it were to vibrate 
is ooc direction during the motion of O to G'. It is not always con- 
venient to have the radius bar H F of the same length as the beam G C : 
it is sometiaies longer, and sometimes shorter. In fy. 3 it is represented 
one half the length of G C. In this cose. II F being shorter in proportion 
to the arc F' F F' , which it describes, the veisine F L is of course greater 
than in the former case. The lever should still be so placed, however, 
thai the line R' S' bisect* its versine L F. Owing to the inequality of the 
Tersines L F and G K, the middle point of the length G F can no longer 
wort ia the line R' S' -, but there is a point E. nearer the end of the link G, 
te* doe* move nearly in this line. This point is so bttuuted, that G E : 
F : : F H : G C. For, within the limits usually assigned to the arcs de- 



scribed by engine-beams,* the versines are nearly in the inverse ratio of the 
radii ; that is to say, vers. L F : vers. D K : : G C : H F. Now the vibrations 
of the points F and G on each side of tlie line R' S' are equal to half the 
versed sines of the arcs described by these (lointa respectively ; that is, to 
F/ and G g. Hence, F /: G g::G C : H F, and by simihir triangles 
F/:Gj|::FE:G E; hence, F E:G E ::GC.H F. 

As this proportion holds true at any part of the stroke, it proves that the 
point E, which divides the link in this proportion, moves in tlie perpendicular 
line R S'. When, therefore, the lengths of the levers are given, it is easy to 
find the point E : but in practice it generally happens (as will be shown sab- 
sequently) that the point E is fixed : and we have to find H F. This will be 

done fVom this proportion, FE;EG::GC;HF- ^-^^|-^ (A). 

F £ 

This proportion is founded on the SLSsumptiim that the versed sines of the 
beam and radius bar are inversely as the radii. This, though nearly true, is 
not exactly so. The versed sines of the smaller radii increase in a greater 
proportion than the inverse ratio of the radii. The consequence of this is, 
that the point £ in the link G F will be moved too much toward II, and 
will deviate fVom the perpendicular in that direction at each end of the 
stroke. In small engines, and when U F is nearly c<jual to G C. this devi- 
ation will be so small as scarcely to be worthy of notice ; but in large en- 
gines, and when there is a considerable difference between the lengths of 
the radius rod and beam, it will be of some consequence. From what has 
already been said, it will be observed that the deviation, is all on one side of 
the perpendicular ; so (hat the curve described by the point E will he of the 
shape shown in ft/. 8. My making a small addition to the length of the 
radius bar, we can make the deviation take place equally on each side of 
the perpendicular. We can add so much to its length as to make the 
point E move towards H too slowly at half stroke ; or, in other words, de- 
viate towards C till the beam has got about quarter stroke fVom the hori- 
zontal positioQ, when the point E will cross the perpendicular, and deviate 
to an equal amount towartls H. The cnrre described by £ will then be of 
the shape shown in Jfjr- 9, where the deviations at m, n, o, p, are all equal, 
and only half the deviation at r and « in the last figure.f To facilitate the 
making of this correction in the length of the radius bar, we give the fol- 
lowing table of the amounts to be ad^ed to its length for the varioos pro* 
portions that may obtain between it and the beam CO. It is to be observed 
too, that when the radius bar H F is longer than the beam G C, ihefc 
amounts are to be lubtracted from its length. 

TABLE (A.) 



: 



FH 

This cotamn gives ^ when 

C G is the greater, and p-y 
when F H is the greater. 



Correction to be added to or 
subtracted from the calculated 
len^b of the radius bar, in 
decimal parts of its calculated 
length. 




•oo.^l 
•00:5 

•0163 
•0270 
•0458 

•0817 



* Thf beam of to engine is utaallf made at least three ttm«< the l«n|tti of ilieMrok*: w 
that the iloe of the ancle which U makri vlth the horixontal line at the extreme of lis 
Itrokr. U miiil to 1 of the radliu. The angle who*e tine I* } of the ndlus, U IS'' W. 
t L<t G Csr G'J}"=t, and arc O" G Q'of ; then G K— «ert. ; 

but li> EucUd ( 111. 3S), G K (1 C C-G K)>=() G' C>)> 
. • . vert, t (1 r-»er«. ^— ^ •» .• . J r »rt«. f=^ (fl+vnt. <f 

i g'+nn.H 1 '•+* Ten.** Jj' , , __ 

.■ r^S- — ^^" ■ ^i or. r»*-* — ^Iren. # 

• ■ "^ J »en ♦ *en # • "' »eri #^» ""' ' 

1 1^ being a conitaat quantity, tbii equsilon thowi tbol the radii ore lotertcJ]- at the retMd 
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Parallel Motion. 



It will be ohMTTCd that the great«r the differenc« between the lengths of 
the radios bv and beam, the greater it the amoant of the correction to be 
made. Ai ao example of the use of the table, suppose we have the 
length of the beam C G - 38 inches, and that the radios bar has been 
foandby proportion ( A) to be 15^ inches; IS^-^SS ia nearly -4 : we shall there- 
fore get for the corrected length of the radiua bar 154 •*- -0817 * ^^ 
— 1 6*76 inches. The application of this correction to the length of the 
radios bar, will in all cases diminish the amooot nf the dcTisitiun from the 
perpendicular by one half; bat it should be borne in mind that the 
parallel motion will work most accurately when the radius bar and 
beam C G are of the same length ; and they should therefore be kept as 
nearly equal as circumitanoei will permit 

The simple arranganent of two levers connected by a link, which we 
have now described, is lometimet used is a parallel motion ; bat additional 
rods and . conDccting links are generally tnperadded. which reader the 
application of the principle more convenient in practice. Fig. 3. represents 
toe parallel motion in most general use for land engines ; and Jig. 4. a 
aimilar one adapted for marine side-lerer engines. The general arrange- 
ment in both of these is the same, except that the marine engine motion 
has the reverse side uppermost. We have marked all the corresponding 
parts in the two figures with the same letters, so that what we have to say 
of the one will refer equally to the other. In land engines, the radios bsir 
H F is generally either equal to or longer than G C, the part of the beam 
which works it ; while, \n the marine engine motion, the radius bar is 
unally shorter than the pan of the beam that gires it motion. This dif- 
ftnoce is shown in the figures. Referrini; now tofigi. 3 and 4., we shall 
explain the method of appltiog the principles we have already described to 
the calculation of the proportions of the several parts. D C is the beam or 
side lever moving on the centre C ; U P. the radius bar moving on the 
centre H, and counected with the lieam by the njd F G. D P is another 
rod equal in length to G F ; and P F is a rod equal in length lo D G. The 
three rod*, therefore. D P, P F, and F O. with the part D G of the beam, 
form a parallolograni ; and the pision-rnd is attached to the point P. which, 
at half ttroke. is in the perpendicular line R S. bisecting the verged sine 
D K. VThen the engine is pat in motion, this point P will move nearly in 
the perpendicular line R 8. For, suppose the beam to he moved upwards 
into the position IV C, the point will then be in the position P'. and the positions 
of the various other points are denoted by corresponding accented letters. 
Join C P and C P', and also E £', and we will have, by similar triangles, 
PE:EC:: DG:GC :: D'O'cCC. and P'E: EC :: lyG.GCi 
hence. PE:EC ::P'E':E'C. 

Therefore (Euclid vL S.) P P is parallel to EE'. Let the length of 

F H be made such, that H F-^ -J-^, and by equation A, the point E 

r E 

will move in a perpendicular line ; bnt P V having been proved to be 
parallel to the line E E' iu which E moves, the point Pmust also move in 
s perpendicular line. Again, referring to equation (A), ire have 

E F : E G : : G C : H F, bat by simitar triangles 
EF:EG :: PP.- GC :: DG:GC 

G C 
hence, DG : GC::OC : nF-pQ .... (B). 

This (Mjuation will give us the length of the radius bar H F, when the 
length of C O ia detoxmincd. In land engines the air pump is generally 
wrought firam the point E, and the centre G is fixed so as to be most con* 
Tenient for that purpoM. Formula (B), is therefore very usefUl for de- 
termining the proper length of the radius rod in such cases. In mirioe 
engines, however, the position of the centre H of the radius bar is generally 
flaed fniui other ctiDsiderations, and it become* necessary to find at what 
point the centre G should be placed, so as to make P move in a perpen- 
dicnlar line. 

To enable as to determine this, 
L«tHP-»GC><i«tbe borisontal distance of the centre * H, from the 
main centre, plus half the vened sin* of the arc, deacribed by the ex- 
licouty D of the beam 

PG + GC, orPC-4 
then, GC-a-UF.-.DG-&^HF-a 

("-HF/ o»*HP-2a.HF 
. •. H F* 4^ H P (&-a)-<i* > K P-2<t . U F 

^liMlfti'i'V •"■•ll In cnfflparlaonwlth r ,- and th«t, bjr iny lD<T«ue 



V^.Ki. .lain.. 11. iiri,r|.H«i«uii wi,ii r , MnM ,n-B»i UJ BOJ lUrT^ 

sari CMXtUnt ). ih« raillui dtmlabliM id a Icm ncioUi<i> I 
VTM- or touiM llM cmvm* nf thtt U trua sito ; that. If 

I b> dlnriatihad. Ott vavaad ilaa lnr>aa*ia " 

WhSH Hm faaan I* JaM tasvlaa Ik* horlscatal 



. tha varwd ilaa Inrraaaia In aaraatcr ratio, and rx* terwa. 
I* J«( tasvlaa Ik* horlscatal poaMfaa, lh> 
rnrnH \m m w ii artson w tha raAiMi and lhar«for«L at (hla poim, lh« ir>r>*d •Im of Iha beam 



rrtmnt ifnr li liMlrflDUaIr 



I tar «in !)• tavrrwlf a* Uw rwllt i ami H F. ■» 4«*mniii«l irj equatian r A), will 
b» scffsM Ik this f»n al th* ttntka. Ai diiMr tod of Iba itmk», hevavar. u oufftt to ba 

•VmI *• — imtU»im» TI' ' ^**' ** ** ****** ***** ^'*'' "**** *<^l>w*> til* o««mt 

Mat««rarT*a«aaaMk«ls,MaMke Iu laaflh tiifsillair tjrt«c«nib«* cwo. 
aa n a rtlom la Ika TiMa ara enmfolad nn ibh primipl* 
• If aprrjwiMtlnilar H M ba Irt fat) [rnm II on OC. M C «nil Im the h<w1i»nliil dlxanre 
alA0 cnrtta H, firaa lb* mala canlrv, and ilnca f C U naralUI to P D. ll li ttldtot (hat 
y H*^CC>M— MC4DN. 



Mveaadb 
Tbtesni 



"'"'"GF + GC + DC" 



(C) 



This equation will give na the length of II F i and to get C C «• I 

G C =. o - H F (C) 

These three equations therefore, (B), (C), and (C) enabU oa t» «■>• 
culate the prc^rtions of this form of parallel motion in all circaBUtnoM. 
Inyiy*. 5 and 6, two other forms of parallel motion in cmamaa «m tar 
marioe engines are represented. In^^. 5. the radius bar, instead of bd^ 
connected as formerly to the eroGshead, is connected by the rod F Q to th> 
side rod by a pin at Q. F Q is made equal, and parallel to G D ; and FG 
equal, and parallel to Q D. In fy. 6. the centre H of the mdiua bar is 
placed much farther from the main centre. It may be on cither tiAt et 
the piston rod, as is found most convenient. In this motion, too, the ead F 
of the radius bar is connected by a pin to the upright rod G V. Tbe nd 
G V is made equal and parallel to the side rod D P, and the rod P T is 
made equal and parallel to D G. 

To enable us to investigate the method of calculating the lengtha of tbi 
parts in these motions, jom as before C P, and C P', and from the point T 
where C P cuts F Q in.*?. 5. or H F b Jig. 6. draw T T' paraUel lo DP. 
These lines being drawn in both figures, the following iiiMS<i|Min« vfll 
apply to either : — 

LetDC = A-CG + GT' + T'D 
PQ-f 
FH - r 
PD - . 
GC-t- FHaflB the borisontal distance of H from the ma4 

centre + (J rersine arc D' D D" x ^^ • 

It may be proved in the same way, as for^j^. 4. that the point P mow 
in a line parallel to that described by the point E, so that the inquiry re- 
solves it.ulf as Itefore into an investigation of the relative lengths of CO, 
and F EI. that will cjiase the point E to move in a perpendicular line, l^ 
us suppofse, first, that the height of the centre H of the radius b»r. sad 
Mnseqiienily the height also of the pin Q, is fixed, and that the point G. or 
the length of C G, is ,also determined. It is required to find fhw 
data the proper length of H F. Bv equation (A) we bave 
CG : FH :: FE; EG, but by siuular triangles FTiGC :: PE-.EGt 

O C* GC* 

hence, TF:GC::CG: Fn-y^^-^rg 

but, T' 0-C T'-C G, and by similar triangles 
D C • op A(s-c) 



DP 



hence, T' G 



QD::DC:CT'- 
b (»-f) 



-CG- 



6(,_f)_»-CG 



Again, if the length of G C is not given, but the posiiioas of ' 

centre H, and the pin Q are fixed, let it be required to find the i»" g * > n ef 1 
H F and G C. We shall have the same as above 

FH ^y -i'^JZiy 
* **-T'G"T'C-o+r 

"' '""r c^rSTr 

/. r(T'C-fl + r)-«»+r'-8o* 
.•.r(T'C + o)-a' 

••''"T'C + a 

b («— c) 
Bot it wu shown abore that T' C-— ^-j — - bcnee 

a«« 

•■"aj + i^.-c) ••••(£). 
This equation will give the length of K P. and to get G C we have 
GC-a-r .... (E) 

Again, snppove thtit the lengths of the levers H F and C O, and eoMi 
qnenlly the horizontal distance of ibe centre H fW>m the main c«an« ai 
given. Let it be required to fiud the height of the centre fl and pouu () 
From equation E we get 

a * • T -^bi^t^t) ' r»af t 

'. air *b r§—bre^a^ t 
,\ brc^air-tbrt—a*» 

• ( ««nin* of aft O' D D"k^'u the racMa of «tic dtrtanes of Iha yoSM O. baa ita 

tln« R 8. otrr thr dttcanrr of th« point Q rraan Ik* iaaia Una. CaafWll^ Mi •VfelOa 
lait Bota, Um cwrcctnr** of Lb« T>:ue givea abova u> a •111 bv avitet 




Proportions of the Par ft of an Engine. 
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\\.— {Fig*. 5 and 6.) To find the length of the radiut bar;PQ, 
' iht horizontal dittanct of the centra U uf mt raditu bar from the 
tfntie beittij givtH. 

To thepiven horiiontal distance, ndd half the rersed sine* (DK)of the 
■PC dewrihed by the extremity (I>) of the side lever. Square this sum aad 
BuUiiply the ttiuare by the length of the «idc rod (P D). Cull this product 
A. Take the tanie horizontal distance as bcftire odded to the same half 
rened sine (D N), and multiply the sum by the length of the side rod (PD) : 
to the product add the product of the length of the side lever C D into the 
length of Q D, and divide A by the sum. The quotient will be the length 
required. 

When the centre H of the ndioa haa its position determined, mlet 
4 tod 6 will always ^ve the length of the rsdioa bar F H. To pet tbe 
leogth of C G, it will only be necesaary to draw tlirough the point F a line 
{Nurllel to the side rod l> P, and the point where that line cuts D C will be 
tbe ponition of the pin 0. 

In using these fonnalu and roles, the dimensions mast all be taken in 
tbe ume measure ; that in, either all in feet, or all in inches ;, and when 
great accuracy is required the corrections given in Table (A) must be 
added to or subtracted from the calculated length of the radius, bar, 
according at it it leM or greater than the length of C G, the part of tbe 
bcsn that works it. 

Examples. 

1. Rule 4. — Let the horizontal dittance (M C) nf the centre <H) of the 
radius b«r from the main centre be equal to 51 inches : tbe h&lf versed aiae 
D N -3 inches, and D Ce 126 inches. Then by the rule we will have 

(51+3/ (54)" 2916 . , 

sTTsTm- 180 -TTo -1*'=' ^'"=^'^ 

which is the required length of the radius bar (FH). 

2. Rule 5. — The following dimenmons are those of the Red Rover 
Siesmer: CG^sa Dr»94 Q D«.:4 CDcG.*) PQ>20 

By the rule we have, A- (33/ x 94*96356 and 
96256 962.16 

74x65 -94x32 1802 """' 
which is the required length of the radius bar. 

3. Rale 6. — Take the sanic data as in the last example, only supposing 
that C G is not given, and that tbe centre II is fixed at a horisontal dii- 
taooe from the main centre, equal to SS'S inches. Then the half versed 
sine of the arc ly D D" will be about 2 inches, add we will have by the 
rule 

A - (83-5 + S/ M 94 - 705963-5 and 

85-5 « 94 + 65 -74" 12847 -^4 8 inch«^ 
Hw required length of the radius bar in this case. 

€ Q 
In both of the last two exsmples ji p»-6 nearly. The correction found 

by Table (A), therefore, would be 54 » -027 = 1-458 inches, which must l>e 
•nbtracled fW>m tbe lengths already found for the nidins bar, because il is 
longer than CG. The corrected length* will iberefure be 

in example S . . . . F IIk51.94 inches. 

in example 3 .... F 11-53-34 •. 

raoponnoKa op tbs dippbremt pasts op a. steam emoime. 

Im constructing the different parts of a steam engine, and indeed of any 
ocher machine, it is desirable that they should be as tight as is consistunt 
with a due provision for safety, and with a due provision against the risk 
cf acddenta. The heaviness of the different pvarts brings along with it 
a oorrespondtng amount of friction, and a corrt'K|Kinding amount of inertia, 
both of which must be overcome by the motivi' (wurcr before the machi- 
■ctrean be set in motion, and consequenily before any useful effect can be 
tomul from it It is obvious, therefore, that tbe weight of the different 
parts of tbe engine is, to a certain extent, an evil, which can only be tole- 
rated because it is the necessary concomitant of their strength, and consc^ 
^3<ntly of a due provision against the risk of accidents. It is therefore 
desirable to reduce this evil as far as is consistent with that due provision 
wbicb we have mentioned. We would not be onderstooti to infer from 
Ibcae remarks, that the different parts of the steam engine should be con- 
structed just of sufficient strength to resist the strains tu which they are 
nhjected. If this were to be the constant aim of an engineer who is coo- 
Dt with the laws which govern the resistances of beams, we hare no 
; bat that tbe Mircastic remark, " the stability of the engine u inversely 
pm p un ional to the theoretical skill of the engineer," would often be made. 
What we would be understood to inter is, that the strength of the different 
pan* of tbe engine ought to be proportioned to tbe strains to -nkich ibcy 
ar« aal^ceted. If one part of the engine be occasionally exposed to a strain 
doabU that of tome other part, then it ought to have doable the strength ; if 

• Xttrrtt ateamrj b raqoircd, In place ol D K In this rai« tskc D N aaultlplM bv P Q 
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triple, triple ; if quadruple, quadruple : kc. If we sappose the former part 
to have only ) the strength of the latter, then, on the supposition that it is 
subjected to a double force, ( of the strength of the latter is useless, at least 
In so far as regards exposure to accidents ; on the supposition that it is 
subjected to a triple force, ) of the strength of the latter is useless ; on the 
supposition that it is subjected to a quadruple force, } of the strength of the 
Utter is useless : and generally, on the supposition that it is subjected to a 

force m times as great, - - ^ of tbe strength of tbe latter » uelen. 

These are obvious ; for, on the first supposition, the former would break 
when only J of the strength of the latter was required, leaving the remain- 
ing }th useless ; on the second supposition, the former would break when 
only I or ) of the strength was exerted, leaving 1 - ^ or ) useless ; on the 
third supposition, the former would break when only ] of the strength uf 
the latter was exerted, leaving 1 — j or | nselcss ; and on the general sup- 
position, tbe former would break when only ^^ of the strength of the Utter 
was exerted; leaving I -~^ or —^~> which would never be called lata 

exercise. This superabundant strength is not merely useless ; it is posi- 
tively prejudicial, inasmuch as il brings along with it additional expense, 
and, what is more seriotui, aa unnecessary and prejudicial weight. Vfe 
tlierefore proceed to investigate the proper strength for some of (lie prin- 
cipal ports of the engine. The investigation will depend upon those Uwa 
wltich regulate the resisUnces of beams to fracture, to compression, to ten- 
sion, to torsion, &c. These Uws, we may observe, are derived fhim theory, 
and abundantly confirmed by experiment, so th.it we have no doubt with 
respect to them. In their application, however, a difficulty occurs in deter- 
mining the proper values of the constants, which vary for different mate- 
rUls or even for different qualities of the same material, and which can 
only be determined by numerous experiments. It is obvious, also, that the 
proper strength of the different parts depends principally upon the pressure 
exerted in the cylinder upon the piston ; and this depends upon the dia- 
meter of the cylinder and tbe pressure of the steam in the boiler, or rather 
the greatest power which it may acquire before escaping at the safety 
valve. The proper strength of soroe of the parts also depends upon the 
length of the stroke ; a», for example, in a marine ei>gine> the diameter of 
the paddle shaft journal, and tbe exterior diameter of the Ur^ eye of the 
crank, &c. We may remark, that the parts of marine engines ought in 
general to possess a greater strength, since accidents with them are more 
serious and more difficult to repair. 

Before proceeding farther, it may be necessary to give a few general 
propositions' upon the resistances of bolid materials to different rarts of 
strains. 

A piece of sialid matter may be exposed to four different kinds of strains, 
which are different in the manner of their operation. 

I. It msy be acted upon by a tensile fierce, which tends to poll it 
asunder ; as, for example, in the case of ropes, stretchers, king-posts, tic- 
beams. &c. ; or, in a steam engine, the piston rod of a single-acting engine, 
the connecting rod. Sec. 

IL It may be acted upon by a force which tends to break it acrow; as 
in the cose of a joist or lever of any kind ; and, in a steam engine, the 
crank, the main beam, &c. 

IIL It may be acted upon by a force which lends to wrench or twist it j 
as in the case of the axis nf some whevls. &c. ; or, in a land engine, tbe 
shaft of the fly wheel ; or. in o marine engine, the paddle shafL 

IV, It may be crushed, as in the case of pilUrs, posts, and truss beams; 
and, in a steam engine, the piston rod w hen it is a double-acting engine, 
parallel motion rods, air pump and force pump rods, and the like. 

Each of these forces is resisted by the cohesion of the material, differ- 
ently modified for the particuUr species of force. When they ars bcreased 
to a certain extent the force of cohesion is so far overctraie as to allow the 
material to take a new shape ; for example, when a beam is subjected to a 
considerable transverse force it is often observed to take a curvilinear 
form. If the applied force be not increa.M^ above a certain limit, then, 
immediately upon its removal, the beam resumes its former shape ; but if 
the applied force be greater than a certain limit, then, although il be 
removed, the beam does not resume iw former shape, but takes permanently 
a shape different from its original one. The beam is then sud to have 
taken a " set •, " and it is remarkable that after a beam has once taken a 
set it cannot resist so great a force as previously without undergoing per- 
manent derangement These remarks are not confined to those matenali 
of which beams are usually constructed— they are applicable to all sons 
of material. If we take a quantity of clay, and form it into a rod. and 
apply to the rod a tensile force, then the tensile force will stretch the rod ; 
but if it be not greater than a certun limit, ujmn its removal the rod will 
resume its former length ; if, however, it be greater than a certain limit, 
the rod will take a kngth different from its origini.1 one. The same 
process may be renewed, and the rod will take up a scries of seU, each set 
requiring a smaller force to cause permanent change than the previous 
one. Tbe force of cohesion varies for different materials, and is consUni 
for the same material ; or, we should rather say, it is constant for the 
same quality of the same material Its efficacy in resisting an applied 

8 
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force depends ^atijr upon the shape of the body : tbni, a beam of a 
ecttain ihape vrUl perhapc only resist a force one half that vhicb another 
beam, of the lame material and of the eame quantity of material, bat of a 
diflbrent abape, will resiat. lu efficacy al<o dependa upon the manner of 
applying the force ; that is to uy, whether it is applied as a tensile force, 
or as a crushing force, or as a breaking force, or as a twisting force : thus, 
a beam may resist a force of 20 cwt. when applied as a tensile force, and 
not be able to resist a force of 1 cwt. when applied as a breaking force. 
We proceed to consider shortly each of these forces io socoession. 

L TemsUe Force. 

Thti is the simplest of all strains, and indeed the others are only modifi- 
etlioas of it. It is therefore prop<.-r to consider it first, since this will be in 
a ma&ner introductory to the investigation of the others. We have pre- 
Tiooily remarked that it is the cohesion of the materials which resists the 
jbrees. Id the case of a tensile force, the force of cohesion is directly 
opp o a e d to it, with very little modification of its action by any particular 
circomitinces. This renders the investigation very easy. When a cylin- 
drical or prismatic body, such as the piston rod of a single acting steam 
cogioe, is acted apoo by a tensile force at one extremity, the body is in a 
State of tension throughout all its length. It is easy to show that the tension 
i« equal at all the points in the length : indeed this follows as a consequence 
fW>m that eqnality of action and reaction which experiment shows to subsist 
whenever bodies act i^>on one another. The first plate ur layer of matter 
M Ibe CJDtnmity of the body is kept in eqnilibrio by two opposite forces — 
th» tmaila ftiree tending to sepamte the layer from the body, and the 
fbroe of cohesion, which connects the layer to the body. These forces 
arc directly opposite -, and all experiment shows us that, before two directly 
opposite forces can balance one another, they must be equal Again, the 
second plate or lamen is kept in eqoilibrio by two forces — the cohesive 
ftirce uniting the firat and second lamina, and which we have just shown to 
bs equal to the tensile force; and the cohesive force uniting the second 
laaen nod the third. These forces must in like manner be equal. It is 
olrrioos that, by proceeding in this manner, we may show universally that 
the part of the cohesive force which is called into action in order to resist 
the i«n«le force at the extremity is always exactly equal to the tensile 
ioroe. 

Since all the pans are thus equally on the stretch, it follows that the 
strain in any transverse section is the same, as also ia every point of that 
section. Hence the capability of a prismatic body to resist tension is pro- 
portional Io the area of the minimum tranverse section. If /denote the 
maximum weight in pounds which a bar of one square inch in aection can 
War without undergoing permanent derangement, and A denote the area 
in square inches of a transverse section of another prismatic bar, or the 
area ia square inches of the minimum transverse section of a bar of any 
other shape -, then the greatest weight which that bar can bear without 
npttire is /A lbs. The number denoted by/, of course, differs for differ- 
ent materiala. It can only be foiutd by experiment. The only materials 
which we shall have occasion to oonnder, are cast iron, malleable iron, 
and tempered steel ; and for each of these materials / has been determined 
vitb an accuracy soAcient for oar purpose. It has been found that 

for cast iron /- 1 5,300 lbs. 

for malleable iron /w 17,800 Iba, 

for tempered steel /» 45,000 Iba. 
It is the imilcd force of cohesion immediately before the disunion of the 
first particles, or the force which connects two adjoining lamina together 
before the tensile force separates them, that we call the »trtnglh of Me uc- 
tum. It i* also very properly called the abmJmtt ttrmgtk, since it is exerted 
in its simplest form, and not modified by any relation to other circum. 
stances. We may remark, that the different values we have given to / 
for the different metals ought not to be regarded as perfectly accurate. 
They are deduced from experiment, and ought to be considered as no more 
than general values, or the averages of many particular trials. The irre- 
gnlarities ara trt groat, since iw substances are constant in their texture 
ud AmacH. Metels are affected ia their tenacity by a thousand circum- 
ftaneea, stush u their pttrity, the heat with which they were melted, &c. 
In the sppUcatioB at tttese numbers all danger will be obviated by making 
the particular put subjected to strain a little greater than what theory 
would indicate. 

II. .^ Breaking F<rct ; or, a Fore* tending to brtak the Body acro$t. 

This is the moat nsnal, and at the same time the greatest, force to which 
BtateriaU are suhjected. It is seldom, however, that it occurs in a perfectly 
■teple form. When a beam prtti^tinf horisontally f^om a wall has a 
font applied at ini extremity, the beam u commonly broken near the wall, 
Md tlM urtermcdiaie part has in the mean time performed the function of 
• laiai ( M> thk is not a case of simple transverse fracture, but is compli- 
MisC wilk Ae action of a lever. An example of a bar subjected to a 
dmple transverse fhuiure. occurs in the pin which forms the juint of a 
pair of pincers or sciskors. As eases of this kind occur but rarely in ma- 
cbinr*. we shall not slay to examine them minutely, and may content our- 
selves with saying, that in this case the strength of (he piece is proportional 
In the area of the section. We proceed to the mncb more eommon and 
much more important case where the agency of the lever intervenes. 
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Before commencing the theoretieal investigation of the strsagth of 1 

when opposed to a transverse strain, we may remark that ourksoviailaaef ^ 
the munuer in which the direct cohesion of the material is brongkiato 
action is very imperfect The celebrated Galileo, to whom the pkymoi 
sciences are so much indebted, was the first who connected this snhicct witk 
mathematical principles, and endeavoured to trace the law of strength wkick 
different bodies possess, io proportion to their length, breadth, depth, fatm, 
and position. He arrived at the correct conclusion, that when a beam is 
pulled in the direction of its length, its absolute cohesion is pm | Mw ti #f ; 
to the area of the transverse section. When he proceeded to find the efic^ey 
of a beam in resisting a transverse strain, he immediately fell into aistak<& 
Indeed this investigation is much more difficult, since we do not sec m 
clearly how the resisting forces exert themselves, nor ia viutt degjce. 
Galileo proceeded upon the hypothesis, that if a beam were suppoitcd at its 
extremities, and loaded by a weight at the middle, that all the fibres of the 
beam would exert eqtial resistances to prevent fracture, and that when these, 
were overcome, the section wuuld tend to turn about that bonndarr of it ia! 
contact with the weight Following out the consequences of this tMocy, b« ] 
arrived idtimately at the following conclusion. ^Mten a beam is 
solidly in a horizontal posifton in a wall, or other immoveable mass, tke 
resistance of the integrant fibres is proportional to their sum multiplied iota 
the distance of the centre of gravity of the area of friicture from the lovot 
point The results of this theory are certainly very simple ; bat, oafiv 
tunately, the hypothesis is not conformable to what takes place in nabofk 
It assumes, for example, that the beam is perfectly inflexible, eBeept at Ike 
point of fracture : now we know that no beam is perfSwiij iafltsiblib 
Again it asscmies that the fibres are inextensible ud inrniMjiiosiihW i 
whereas every experiment shows us that the fibres are both extenaibic nd 
compressible. The theory of Galileo having these radical AettcU, ft 
necessarily happened tbat when tt was tested by practical ezperimcBttt ike 
theoretical strength was found to differ widely firom the actual sOcwak 
The first pemuu who drew attention to these defects was MarioCte, the 
few hints which he suggested, in a work entitled " Traite dn MooraHtt 
des Eaux," attracted the attention of Leibnitz, who propounded a or* 
theorj'. The theory of Letbnitx coincided with that of Galileo in so ht M 
regards the axis about which the section would turn ; both iwH^ ilai 
axui to pass through the lowest point in the section of fraetore vbca Ite 
beam is supported at one end, and the higheat when the beam ta sapparted 
at both ends ; but it differe<l ftom it as regarda the eqtial reatstaaoes td tb 
fibres throughout the whole fracture. Leibnitx had iWquently tttmaAti ttat 
the rupture of a body, whatever it may be, is always preceded by i ecmiB 
degree of deflection, from which he concluded that every body was oompcacdsf 
extensible fibres ; and assuming the principle first laid down by Dr. uooke, 
vis., " nt tensio sic vis," he concluded that every fibre exerted a force pre- 
portional to its quantity of extension, or, which is the same, p roper* 
tional to its distance from the line about which the heua was sappoesd 
to turn ; but he still considered the fibres to be inooroprcesible, ood com*- 
quently that the beam turned about its lowest point This theorr, ahhoofb 
conformable to nature in some rps|>ects, is deficient in others. It, however, 
approximates much nearer to the truth than the theory of Galile<x It is a 
remarkable coincidence, that although these two theories dtfcr frtmi oao 
another, and from nature, in so fiir as regards the reel streagth of beoM 
having a rectangular transverse section in resisting a tranverse fi>ree, tbcy 
both lead to the same inference, viz., "that the law of resistanee is as die 
breadth multiplied by the square of the depth," an inference which has 
been abundantly confirmed by experiment James Bernoulli proposed a 
thinl theory. This philosopher observed, that at the instant a body is 
broken across by a transverse strain, a part of the fibres is ia a atale ef 
exu-Dsion, and a part in a state of compression. It will be obserred ihtt 
the latter fact is a circumstance which had never before been intredeseJ 
into the consideration of the qoestion. Bemotilli assnincd that the beam 
had a tendency to turn about a line entirely witbia ibe aeetioa vUak 
separated the extended fibres fWnn the compresnd fifara. TMa Bat is 
generally called the neutral axis. The theory of BemoaUl prwafli ts 
the present day. All the difficulty experienced upon the subject is M 
determine the exact position of the neutral axis. Having given this skort 
sketch of the different theories proposed upon this subject, we proceed bow 
to determine the resistances which beams of different shapes offer (o a 
cross strain. In the investigation we will assume as true the tbeeey of 
BernouilU. TIi<> theory carries the air of truth, aiMi its rcsaittareeo^ 
firmed by experiment. 

Let the beam A A' IV I> be supported upon a fulcrum at 8 ia eqaflibtia 
Suppose, for the present, tbat the beam is acted upon bv ao either ftvna 
than W and W, which have produced their full effect m MLmthig Hm 
beam ; suppose also the vertical section at US to be divided tatoaaiafiaks 
number of filaments or fibres ; consider C to be the situation <it ooe of the 
filaments in the upper part of the beam, and A A' a tangent to the carta- 
ture of the filament at C : it is obvious that the forces tending to aepani* 
the filament at C most be equal, atwl they must act in the tangent { so that 
the strain which produces rupture ia obviously a tensile ooe. Ania, B A if 
the direction of the weight. Hence, fh>m well.known statieal pmripke. we 
have AC : A B : . tensile force on filament at C : its effect ia *M*Btaiag tbs 
weight W. Denoting, for the present, the tensile force oo *'""^— » at C by SL 

AB 
we have, effect of the filament ia snitiinlng ^"Stq- 



Kow, according to the theory of Bcmoulli. the weights will compress the 
lower part of the beam, ht c bo a compre««ed filament, havicg the name 
fefea as the Ehuuent at C, aod situated at the nine dittauce from the lower 

Fig 7 



/ 
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Let the area of a vertical section of the filament be denoted by d A. then 
wht-n the weight is jast about to break the beam, or rather to caiue ]>emia- 
nL-nt derangt-ment S' =/rf A. In tbi( case the effect of tb« filaiueut at V 

a /<' 

« /-!= rTT^d A. Now the total weight which the beam can resitt 

N» • FC " 

without permanent derangement is the sum of all these effects. Hcrce 
taking N as axis of co-ordinates, the axes of X parallel to F C ihe length, 
the axis of Y in the direction of breadth, and the axes of Z in the direction 
of the depth ; denoting alio the depth in inches by «A or 2 N ma J, and the 

length FC in inches by I, then Vi ~^ qJ J ^dtdtf. In this the inte- 
grals must be taken between the proper limits. 

As an example of the application of this formula, we may proceed to 
determine the lateral strength of a hoUow elliptical cylinder. 

Let ibo acciiinpany ing figure represent a vertical section of this cylinder ; 
N till' ()ositinn of the neutral axis; N Z as before, the depth, or the direction 
in which the force is applied -, and N Y the breadth. Put N A —a, 
N A,»a,, N B = 6, N B, = A, : then the eqiiaiions of the two ellipses are 



© 



nrftce that the filament at C is fh>m the upper surface ; let also a a' be 
• luigvDt to the filament at c, and consequently parallel to the tangent 
A A' : then, from weU-known statical principles, we have a e '. aB : :re8i8t- 
Btiee to compression at c '. effect of the filament in sustaining the weight W. 
Kow, it is proved from experiment that portions of the same matter, of 
«qaal area, resist extension and compression with equal forces. We infer, 
tlKiRfore, that the effect of the filament at c in sustaining the weight W^^ 

aB 
8 ---. The effect of both the filaments in supporting the weight will 

therefore be — 8 •{ •Tp+ — 1. Hence, since A C^ac, and AB + a B = 

A a->C c« we haye the effect of both the filaments in supporting the weight 

r r 
s St-js* As one side of the beam^offers extenaLon and the other com- 
pression, there will be a filament at some point of the depth which will 
acither be compressed nor extended. This filament is what we have el.ie- 
vhere styled the neutral axis. The extension and compression of a fila- 
ment will obviously be at its. distance from this neutral axis. Assnm'ing 
the principle Dr. Hooke so clearly laid down, " ut tensio sic vis," a law n hich 
experiment confirms, it follows that the stress upon a filament is propor- 
ticnial to its distance firom the neutral axis. The principal difficulty ia 
determining the strength of a beam, when opposed to a transverse strain, 
eonsists in the determination of the position of the neutral axis. Indeed 
the position of the neutral axis cannot properly be determined by theory at 
■11; it is more properly a matter of experiment When a body is symmetrical 
ahoBt a line, we may assume that line as the oentral axis. Sundry modern 
experiments seem to show that the neutral axis is m general nearer 1o the 
upper sor&ce than to the lower ; but in no case does the position of the 
bentral axis differ much from the position of the natural axis of the body. 
"We have shewn that the effect of two filaments is as the distance between 
them ; the effect of either will therefore be as its distance from the neutral 
axis ; fhr the filaments being equal, and the strain on them equal, the 
axis will be at the middle of the distance between them ; and the effect 
«f both being measured by the whole depth, that of one of them will be 

CN 
menaoKd by half the depth. IJence the effect of the filament at C <> S j^^ 

iVoin the similarity of the triangles N A C and F A C we conclude that 

C V N A N A 

ir^— «-p . Hence the effect of the filament— S p-^ Let S' denote the 

streas upon an equal filament at m ; then since the stress is proportional to 
extension, and extension proportional to the distance from neatial axis, we 
have 

NA 



NscNA-S'.-S- 



Hcnce effect of filament it C-S' 



N*« 



¥m 



W. 
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These may be put ooder the form 

y^l^W^, and y, - "j^/^^ 

Now the strength of the beam may obviously be found by first deter- 
mining the strength, considering it aa a solid, and then subtracting the 
strength of the hollow part Hence our formula becomes 



v'*!*— ll» »i« 4*x 



or putting zs A Z 
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But it is shown by writers on the Integral Calculus that 
•I 



Uence 



and therefore 
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This result is general, and we may derive fmm it some particular results. 
Suppose the ellipses are similar ; put a^^na, aod 6, — a 6; then we obtain 

Snpipow, in addition, that the ellipses become circles, or a-&— r ; then 
W-^/^r'J l-a* } - .7854f r» { l-n« | 
8 S 
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In ipplring tliU fonnala to porticolar caiec, it U neeeuaiy to retnembeT 
thit the djinc'iuioiui are suppoted to be taken in iochn, and that the answer 
it is Itw. To adapt it to other dimen«ious, it is necessary to niokc corre- 
■poadiag tubtlitutions. 

Before leavinj; thia rumple, we may take occaaion to remark that a 
coiuiderable acccuion of strength ia always obtained by makin;^ the shaH 
hollow, and at thr same time precerriog aa equal quantity of matter. Thix 
miy be demonstrated u followf. The area of exterior circle ^rr*. and 
the area of interior circle ■• r n* r* ; hence the area of the section •irr' 
(1 -a*). Let r, denote the radius of a circle equal in area to the area of 
the section, then r, will be obtained from the e«]aatiun »t» — rr* (,1 — «*), 

or r| ->r v'l — n*. Now the strength of a solid cylindrical beam, the radius 
of whoM sectiot) is /-,, is found from the geneml value by taking n^o; 
dcBOting the weight by W ', we hare 
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rj-/. r»(l-a*> 



Hence, 



w; w :: 1 _«•:(! _*•)', or 



This analogy shows us that W ia always greater than W. Ilcnce, 
whenever it i* an object to gain strength without increasing the weight, 
this will be accomplished by increasing the diameter of the vertical sec- 
tion, and making the tube hollow. We may observe a beautiful application 
of tliis principle in the construction of the human frame. Those bones 
which ore often subjected to great lotenU straiiu arc hollow and hare large 
diameters ; so that, whilst they impart stability to the whole moss, they do 
not impede its active motions by their weight The same contrivance may 
be observed in the construction of the different parts of birds. In the case 
of malleable iron beams, the neutral axis lies nearer the bottom than the 
top. as malleable iron resisu extension better than it resists comprcssioo. 
Hollow malleable iroo beams should therefore be stronger on the upper 
than CO the nader tide, b«ing the reverse in this respect of beams of cast- 
iron, 

IIL The force may have a tendency to twist the body roond. 

We have previously stated, that the efficacy of any matcrimi io resisting a 
(broe applied in any direction, arose from the force of Cohesion subsisting 
between the partjcles of that material. We have seen the ditferent 
ways in which this force of cohesion is called into existence, when the 
applied force is tensile and when it is transverse. It is more difficult 
U> explain by what modificatiou of the force of cohesion a beam is enabled 
to resist a twisting furce. But although we cannot prvtend to have any 
very distinct conception of that modification of the cohesion of a body by 
which it resists this species of strain, we can have no doubt that, whcu all 
the particles are similarly situated and act alike, the resistance must he 
proportional to their number. Hence, supposing an indefinitely thin tube 
to poasen a transverse section io which the particles cohere more feebly 
than in any other section, then if this tube be grBsp«d in both bands, and 
the two parts be twisted round the axis in opposite directions, as we would 
twist the two joints of a flute, it is obvious the tube would fail in this trans- 
Terae aection. Now the transverse section is a circle, and all the particles 
in that section are similarly situated, and therefore act alike ; so that the 
total resistance will be as the circumference : denoting the radius of the 
section by r, and the breadth by d r, then 

total resistance oc 2*- nir " SwCr x dr. 

We can now snppoee another tube within this, and a third within the 
•Mond, and so on till «e reach the centre. If we suppose the particles of 
each successive ring exerted the same force, then C is constant ; and the 



total resistance of a cylinder would be equal 



to 2»c/ r<fr- 



wCr* OC r* OC 



Then 



In the 



surface of the aection. But when a cylinder is twisted in the manner we 
have supposed, it is obvious that an external particle will suffer a greater 
circuUr extension than an intomal particle. It is impossible to determine 
<) prwri the Uw according to which the circular extensions are regulated. 
We may suppose that the extension of a particle is proportional to the alh 

power of iu distance (W>m the axis of the cylinder ; or C oer mC'r . 

"** 
a'**' . SrC' r 
ritt rwilinrf of the cylinder— a»C'/ r dr^ — —: . 

caM of a transverse force, we mentiooed that tbe strain upon a filament was 
proportional t<> iu distance from the neutral axis ; it seems probaMc that this 
thould be the Uw in the case of the twisting force also. Assuming tliis kw, 
we have n—\, aud 

the resistance of cylinder = | C.'r* oe r* oe rf». 

We cannot say that we have demonstrated this, since we have asstuned 

■rbltnrily that the extension is proportional to the distance from the axis ; 

M tk* SMD* tiae, bo proportion u more probable. But the best test of the 

wotvnef of oar rodt ia (Wniiah«d bj cxpariiBent. Experlmrats thttw 



that the resistance to tension of ■ cylindrical tube U propordoaal tolkvi 
of its diameter, or to the cube of iu radius. It itobviooa that the redstuM 
to torsion will also depend upon the nature of the material, so that we hava 
the resistance of a cylinder oe/r* ot d*, 

IV. The force may be so applied as to have a tendency to crush the body. 

It is still more dilhcult than iu any of the preceding casta to conoeiv* by 
what modification of the force of cohe«ion a body is enabled to resial ■ 
crushing force. When the length of a column is much greater than ila 
breadtb, then, on the application of u crushing force, the culumu bends to 
one side before it breaks. ^Mien the column is too short to bend, its 
strength is only limited by the furce which would crush it. Theory his as 
yet furnished very little assistance in determining the force nrrriaarj to 
crush a column which is too short to b^nd. The first person who turned his 
attention to ibis subject was Euler, who published his ** Strength of 0)1 amns" 
about the year 175". He arrived at the conclusion, that the strength oi a 
column to resist a crushbg force was proportional to the fourth power of 
the diameter. We may mentlan that his theory is foimded upon an entirely 
gratuitous asttomptinn, and consequently no dependence can be placed npoa 
its results, except they are found to agree with experiment. Now, all ex- 
periments upon this subject show that the strength of a cylindrient nohiMn 
does not increase iu so hii^h a ratio as the fourth power of the diaadfr. It 
has also been advanced, that the strength of a column is proportiaDnl w the 
transverse section, so that if the column be cylindrical, its strragth is pro- 
portional to the square of the diameter. Experiments, however, show thai 
the strength Increases in a higher ratio than the square of the diameter. It 
is very difficult to experiment upon this subject, in consequence of the He- 
cetisity of using such very large forces to crush a comparatively small colnaiat 
hence it is that the experiments publi$he<l differ so very much. They nun 
to show, if any thing at all, that the strength of a cylindrical column is pr^ 
portionol to the cube of the diameter. We are, fortunately, onder m 
neceuity of considering this case at present, since all the parts ct a aicaBa 
engine which are subjected to a cnishing force are so long compared with 
their breadth as to be liable to flexnre. It is the flexure which a crashing 
force produces in a long cotumn that ought to be guarded againsc Now a 
is a general rule, sanctioned by experience, never to load a coiomit wiA • 
force gr«aier than its elastic force. Thus, if (he column be eyliiKlricai. md 
the diameter of its transverse section equal to d inches, then the grrateat 
load which can be placed upon it with safety is -7834 k/u d*. Thu ia the 
greatest load that can be placed npon it with safety, even when it acn 
exactly in the axis of the cylinder. When the force acts at sonepeiat 
different from the axis, then its efficocy in bending the column is very much 
increased, and this efficacy continues to increase with the distauce betwccs 
the axis and ttie point of application of the force. This is a circnnutaaee 
which ought to be particularly attended to in proportioning the diaoeten at 
several of the rods used in the mechanism of a steam engine, for it is 
obvious that in none of these rods does the crushing furce always act in the 
axis; on the contrary, in most of them the compressing force occadoaaily 
acta in the surface of the rod, or at the distance of half the diameter froaa 
the axis. We might here advance some theoretical conaidetstioaa Ibr 
estimating the amount of the increase of the efficacy of the force in bending 
the column when acting at the surface, above its efficacy in bending the 
cotumn when acting at the axis ; but, as there is considerable difficultj ta 
their conception, and very little dependence can be placed upon the naula. 
we shall omit these speculations, and shall conclude these remarkaby ■«■• 
tioning aa a general result of such coosiderations, that a cylindrinl red 
whose length greatly exceeds its breadth d, ou^t never to be loaded wish 
a weight greater than j/J*, unless the weight always acts very nearly ia tW 
axis of the cylinder. 

We now proceed to determine the proportions for several of the principal 
parts of a steam engine. It is obvious that the dimensions of all the pm 
ought to depend upon the pres.%ore of the steam in the boiler, or rather ike 
greatest pressure it can attain before forcing open the safety Talre. fai 
the following investigations we denote this pressure by P. In the rales we 
have given, it is desirable to take P considerably larger than the p r sa s ui e 
before escaping at safety valve, A good pracdoe would be to take ii 
alway* double of this pressure. 

To find tht ttreiigA ijflht arms <^htaau, crank*, ffc. 

The vertical section of beams, cranks, &e. are generally rectanglcL It 
will therefore be necessary to apply the formula for transretse strength. 
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I^t 6 denote the breadth in inches, then 



-'-¥r* 



a*tfs. 



-i4*,((?)'-(-j)J-^:r- 

Therefore/* rf»-6 W t. 
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In thu formulx the dimcnuons are all iu inches. If L denote the length 
ia f^et, then the formula becomes f b d' = ''i W L. We learn from this 
that the itrength of the beam or crank depends mach more upon the depth 
than the thickness, and therefore it is desirable to increase the depth as 
nnuch as is consistent vith other considerations. It may be assumed, 
bnweTer, as a general principle, that a beam of uaiformi thickness should 
lurrer have its depth greater than sixteen times its thickness, because other- 
wise it is liable to overturn. Assume, therefore, 16 b=d, then the formula 
becomes y' (/*=» 16 k 72 x W k L = 1 1S2 « VV x L. Denote the pressure on 
square inch of the steam in the boiler when the steam has acquired an 
elasticity sufficient to force open the safety valve by P. and the diameter 

of the cylinder by D ; then the greatest value of W is - P x D*. 8uppo« 

klto 12 L»n D; then our formula becomea lS/(^=>-7854 xllS2 xa Px 
!>*. vhicb. by reduction, becomei / if » 75-399 x a x P x D*. Therefore 
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78-399 X a X P 



/ 



For cast iron /= 15300 

malleable iron / •> I "POO 
By substituting these values our formula becomei, 

. ^ T" Pi ^ 
For cast-iroa a = D -j - - V 

{N P 1 ^ 

We have reducea the formula principally with reference to the main 
team of an engine. It may be pitt into the foUowing rule : — 

RtTLK To find Ihe depth of the main bmm at the centre. — Divide the 

le»alk in tnchti from the centre of motiom to the point where the piitou 
roa u attached, by the diameter of the evlinder in inches ; multiply the 
jmotitnt by the ouLri'mum pretnrt in poimd* per tquart inch of the ttean 
in the fjoilrr ; divide the product by 202 far cast iron, and 236 far 
mu$lleahU iron : in either cate the cube root of the quotient multiplied by 
the diameter of the eytinder in inches gives the depth in inches of the Ittism 
at the centre of mutiim. To find the bretulth at the centre. — Divide the 
depth in inches by IG ; the (fiolient is the breadth in inches. 

Example. — An engine beam is three times the diameter of the cTplinder, 
from the centre to the point where the piston rod acts on it; the force of 
the tt««m in the boiler when about to force open the safety valve i« 10 ibs, 
fer square inch. Required the depth and breadth when the beam is of 
con iron. 

la Ibis ease a =3, and Pa 10, and therefore 
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53 D. 
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Tte breadth- ^ D--03 D. 

It will be observed that our rule gives the least Talue to the depth. In 
Mtnal practice, however, it is necessary to make allowance for accidents, 
or for faultiness in the materials. This may be done by making the depth 
gnmt/er than that determined by the rule ; or perhaps more properly by 
Caking the pressure of the steam much greater than it can ever pottiblj be. 
As t&r the dimetuions of the other parts of the beam, it is obrioui that 
tkey ought to diminish towards the extremities; for the power of a beam 
to resist a cross itrain varies inversely as its length. The dimensions may 
be determined from the formula /7j iP =fi W /. 

To apply the formnln to cranks, we may assume the depth at the 
abaft to be equal to n times the diameter of the shaf^ ; hence if m x D be 
Ifce diameter of the shaft, the depth of the crank will be n x m x D. Sub^ 
■titnting this in the formula/A d'= 6 W /, and it becomes/frx r* xm* x 
D»a-6 Wt Now, as before, W = -7854 x P x D", so that the formula 
becomes /x 6 x a» x m'— 4-7124 x P x /. The value t>f » is arbltniry. la 
practiee it may be made equal to 1} or 1-5. Taking this value, then, 
htr cut iron, the formula becomes IMm x A x f x m'^- 4-7 124 x P x /, or 
7305 ai* &» P / ; bat if I- denote the length of the crank in feet, the formula 
609s«« 6-P Uand.-.6 = PxL-r609 m*. This formula may be 

. into the form of a rule, thus ; — 

__.-~To find the hrtadtk at the sKaft when (4e depth is equal to l\ tima 
tMe diameter of the shaft — Divide the square of the diameter of the 
tKuft ra inches by the square of the diameter of the cylinder ; multiply 
(Is qisotient iy 609, and reserife the product far a divisor t multiidy 
Mm gnattat elastic force of the steam in lbs. per square inch by the length 
t^ the crank in feet, ami divide the product by the reserved divisor . the 
quotient is the tieiulth of die crank at the shaft 

Ertimple. — A crank shaft is ) the diameter of the cylinder; the greatest 
yoaaible force of th« steam in ibe boiler >• SO lbs. per square loch ; and th« 
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length of the shaft is 3 feet. Reqaired the breadth of the crank at the shaft 
when its depth is equal to IJ times diameter of the shaft. 

In this casern a I, so that reserved divisor— _ ^38; igain. clastic force 

3x20 
■ 8« 



of steam in Iba. per square inch vSO lbs.: hence width of crank 

— 1-6 inches nearly. 

The Strength of Shajls, — Shafts are in general so supported as to render 
the lateral stress as small as possible ; heuce we have ouly to consider the 
resistance to torsion. No pisrt of the shaft shonid be less than the bear- 
ings or journals ; and therefore it will be sufficient to determine their 
diameter. We have previously mentioned, that the resistance which a 
cylindrical shaft offers to a twisting force is propcirtionol to the cube of its 
diameter. This result may be arrived at by theoretical cunsiderations j 
but, what is more to be depended upon, it is cuittimied by experiment 
Let W denote the greatest weight acting at the extremity of the crank, 
and R the length of the crank, or radius of wheel ; then we have R x W a 
(diameter of shaA'). 

Suppose the shaft makes n revolutions for each double stroke of the 
piston i suppose also R—m D ; then we have 

m D X W a n (diameter) 'i or, 
M l> X W ac X n X rf'. 

Ab before, W-*7854 P x D* j and therefore -"esi MxPxD'-cxiixff* 

t 

{'7854 X n X Pi ' 
— ^-^ > • The constant c varies for different 

materials. When we make an allowance of afaoni jth of the diameter for 
wear, then for cast-iron c — 960, and for malleable iron c — 1080, Suhatituting 
these, we obtain. 
For cast-iron, 

"I 9(50x1. J HiiixnJ 

For malleable iroo, 

J riJ' '7854xm«P -l^_p r w x P 1 * 
I 1080 X a J 11376 xa J* 

Theae oty be expressed in the following role. 



Rule. — To find the diameter of a revolving shaft — Farm a reserved divitor 
thus : multiply the number of revolutions which the shaft makes for each 
double stroke of the piston by the number 1223 /or cast iron, and the number 
IS76 for maiteable tron. Then divide the radius of the rrtinh, or the radius 
of the wheel, by the diameter of the cylinder ; multiply the qutitxcnt by the 
greatest pressure of the steam in the boiler expressed in lbs. per square inch ; 
divide the product by the reserved divisor; estract the cube root of the 
quotient, and multiply the result by the diameter of the cylinder in inehes. 
The product is the diameter of the shaft in inches. 



BTRENQTH OF RODS WHEN THK BTRAJX IS WH0I4.T TSN m,K j 8CCB A» 
THE PtSTO.N R0I> OF aUiaUE ACTUCO ENOtVBfl, PUMP BODS, UK. 

In treating of the resistance which a beam offers to a force tending to 
draw it in the direction of its length, we observed that it was proved, both 
from theory and experiment, that this resistance was proportional to the 
area of the transverse section. Denoting the diameter of the rod in inchea 
by d, the force of cohesion of a bar of one square inch in section of the 

material by /,- the renitanoe of the rod is - /</*>>';854 nfd*. We 

* V P 

have the eqoation ; P D* — j / rf^ ; from which we find rf = D v'-- For 

malleable iron /— 17,800 lbs. ; but it onght to be remembered that this 
value is only the mean or average valae of several experiments, so that for 
certain qualities of metal it ought to be less. Hence we ought to make aa 
allowance for the probability that the iron is of an inferior qnality. Again, 
the formula is determined upon the supposition that the force is applied 
directly to the axis of the rod. When the force is applied at some other 
paint, the rod is liable to be bent; so that, in order ta preserve the rod. 
from flexure, it ia necesiary to make it stronger than would be oeceasarj 
if the force were applied to the axis. It has been assumed that, in every 
case In which the force is wholly tensile, there is a possibility of the strain 
deviating one sixth of the diameter of the rod from the axis, and as an 
allowance for both of these casualties we may take /» BOSS; with tha 
oiLT formula becomes 

This formula, when expressed in words, gives the fbllowtng rale. 
To fiad the diameter of a rod exposed to a tensile force only. 
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Unix. — Muttipltf Iht dinmittr «/" thr piston in fnchea by the gijvitre root of 
the yrtnlttt tlattio J'orca of the ttnitn in the boiler ettimaird in IIm, per 
uptare inch ; tht prvdtul, divided bjf 95, it the diameter of the rod in 

IHCACL 

Exampit Rci i " ' lhinet«rof the tranjrerse wction of & pt«toa 

rod in a tingle a , when the diameKr of the cvlioder is W 

iocbea, and tbe gro^. :». (■.^^.iile force of the steam in the boiler \m IGlbi. 
per tqiuire inch. Herei according to the forniulB, 
50 . 200 

or TBZ nRENG-rn or rods ALTEBNATTLT r.XTKNl>ED AND COMPRESSED, 
fiUCU A8 TBE n<>TON BOD6 OF OOUBLE-ACTTNG EMOLNE9. 

The Ibconr of the n-sistance irhich colamns whote lengths do not 
greatly exceed their breadths offer to forces tending to crush them is 
•till in a very imperfect state. ¥ilieD the length exceeds the breadth, then 
the column bends to one side before breaking, so that the crushing force 
partakes of the nattire of a transverse force. The force increases with the 
tlexure -, hence it baa been laid down as a general rule, by writers on the 
ttrcugih of materials, nerer to load a long column by a fbrce cxceedbg 
that which it can bear when applied as a tensile force. Thus, if the colama 
be cylindrical, and its length greatly exceed its diameter d, then the 
createit weight which should be placed upon the eolamn is "7854 xf* d*. 
This is the maximiun load, when it is applied so as to act in the axis of 
the cylindrical rod ; bat when the load is applied at a point different fhnn 
the axis, it« efficacy is very moch increased. Now, in the case of the rods 
osed in a tteam engine there is always a possibility of the force deviating 
nearly oim Iwlf the diameter from the azu, so that we must make a pro- 
Tision for this. It may be shown, fivrn theoretical considerations, that a 
eylindrical rod whose diameter is rfmay always be safely loaded by a weight 
m^fd*. Assuming this, ire haie to determine d> the eqiiaiioD 
•7ag4xP><iy- i/«<f i 

y 7 -0686 
-y— P. 



By snbatitating the corresponding values of/, we have 
for cast iron 



..?.,. 



fbr aalleable iron <'- jn VP. 



These formulas give the following rule : — 

Binx. — Multiply Oie diameter of the piMton in inche$ b^ the tfjuare root iff 
the maximum prrtsure of the iltam in Ibe. per «<yii<i/'C iNcA ; dividt the 
pntdact iy 

i* fbr cast iron, 

50 for malleable iron. 

This rule applies to the piston rods of double-acting engines, parallel-motion 
rods, air-pomp and force<-pump rods, and the like. The rule may also be 
npplird to determine the strength of connecting rods, by taking, instead of 
V, m number I", such that P m sine of the greatest angle which the con- 
necting rod makes with the direction — P. 

Erample. — Siipposiiig the greatest force of the steam in the boiler to ne 
1 G lb«. per square inch, and th« diameter ol the cylinder 50 inches ; required 
the diameter of the psMon rod, nppoang the eogine to be double acting, 

In this case 



for east iron d' 



^ ^/P m — rs— • 5 inches nearly. 



47 



47 



for malleable iron ^I^Jq v'P ~ ^ inches. 

The pressure, however, is always taken in practice at more than I Gibe. 
If the pressure be taken at 35 lbs., the diameter of a malleable iron piston 
rod will be 5 inches, which is the usual proportion. Piston rods are never 
made of cast iron, but air-pump rods are sometimes made of brass, and 
Ike eooneeting rods of land engines are cast iron in most cases. 

FoRJiirLAi roR the Stresotb or tariocs Parts or AIarins 
E*intNKR..^Tbe investigations we have given will ser>-e to show the 
manner in which the strengihs proper for various parts of engines may be 
dariTsd. It woold prodnee a accdicai diffaaeneas to pursue these investi- 
nlkaa into all the eaa« fbr which a aefaitiao is required, and we shall, 
flMnAtrr. gire a seriea of ftraalae, drriTcd la the manner we have illus- 
tnled, of the dineadons proper for the parts of marine engines, and shall 
reeaphalate, with all pocsible brevity, the data npon which the deter- 
mination* rifst 

Let prosiore of the steam in boiler »;> lbs. per sqoare inch, 
Diameter of cylinder ~ D inches. 
Length of stroke ^ il R inches. 

He vieaiia below the piston is never complete, so that there always 
rmaiaa RTapoor of ■(CMnpoaaessing a certain elasticity. We may suppose 



this vapour to be able to balance the weight of the pistoa> BcHil 
entire pressure on the square inch of piston in lbs.»f>-»-prcsKirc nf j 
tnospbere => 1 5 + />. We shall substitute P for 15-^ p, lleocc 

Entire pressure on piston in lbs.— -rSJit x(15 + i)) « D* 
-•7854 )c P. D*. 

The dimensions of the paddle-shaft joamal may be fhund trrnn the I 
lowing formula, which are calculated so that the strain in ordinary w< 
ing^^ elastic force. 

Diameter of paddle-shaft jonmal- -08364 [r r P k D<] 
Length of ditto— 1} X diameter. 

The dimensions of the several parts of the crank may be (bund I 
folkiwing formulas, which arc calculated so that the strain in 
working— one half the elastic force ; and when one paddle is 
brooght up, the strain at shaft end of crank — ] elastic fbrce, the sttaig ^ 
pin end of crank — elastic force. 

Exterior diameter of large eye —diameter of paddle shaft +■ 

f D[Pxl56l X R' 4- -00494 X D* X P«in t 

[ 75-59 X -/R 

Length of ditto = diameter of paddle shail 

Exteriordiamcter of small eye — diameterof crank piU'*- -02521 * «^n 
Length of ditto--0375 x v'P x D. 
Thickness of web at paddle centre— 



(^ 



xPx -v/l 1-561 xR'-t- -0049411] 
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Breadth of ditto — 2 x thickness. 
Thickness of web at pin centre— -022 x t/P x D. 
Breadth of dittos} x thickness. 
As these formulas arc rather complicated, we may show what ihtf \m 
come when /)= 10 or P— 25. 

Exterior diameter of large eye .^diameter of paddle ihafl t- 

f Dv^(1561 xR'-hiaaSxD*) ! 
[ 1512 x*/R J 

Length of ditto— diameter of paddle sbafV. 

Exterior diameter of small eye — diameter of crank pio-t-'lSS i 

Length of ditto- -1875 xD. 

Thickness of web at pin centre «>-l t x D. 

Breadth of ditto - } x thickness of weK 

The dimensions of the crank-pin jonmal may be foond fhia the I 
ing formulas, which are calculated so that strain when bearisig at ( 
end — elastic force, and in ordinary working strains one third of ' 

force. 

Diameter of cnmk-pia jonmal - -OSSSe x v*^ x D. 
Length of dittc - 1 x diameter. 

The dimensions of the several parts of the cross head inajb* I 
the following formulas, in which we have assumed, for the puipu ac of 
culntion, die length— 1*4 x D. The formulas have been calcnlated so as 

to give the strain of ^<:b~2Ts5 * ^'^^^ force; strain r* j-nmil in nrtfit7 

woriung—^;^ K elastic force, and when bearing at outer oj^—tTim 

elastic force. 

Exterior diameter of eye -diameter of hole * -OSSS? k P* k Dl 

I 
Depth of ditto = -09:9 x P> x D. 
Diameter of journal --01 7 16 x v'P x D. 
Length of ditto— | diameter of joamnl. 

Thickness of web at middle --OS 45 x P' x D. 

Breadth of ditto --09 178 x pi x D. 

ThickncM of web at joamal - -0122 x P* x D. 

Breadth of ditto- -0203 x H x D. 

The dimensions of the several ports of the piston rod may be 1 
the following formulas, which are calculated so that the strain of | 
—I elastic Rtne. 

~ - . ^ */P«D 

Doaeterof piston rod— — ^ — 

Length of port io pistoa«*04 x D a P 
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Ifi^or diameter of part in cnMshead*-019 k VF x D. 

Minor diaineter of ditto- -018 » ^/P x D. 

Major diameter of part id piston =» "028 x ^/t* x D. 

ftlinoT diameter of ditto = •023 k V'P k D. 

Depth of giba and cutter through crosshead = 0358 k P^ x D. 

TbickncM of ditto =-007 k P^ « D. 

IV-pth of cutter through piaton=--0l7 x VFx D. 

ThickncM of ditto =» iX>7 x piy D. 

The dimensioiu of the several parts of the connecting rod may be fband 
from the following formulas, vhicb arc calcolaied so tliat the strain otf the 
connecting rod and the strain of the atrop are both equal to one-sixth of 
the elastic force. 

Diuncter of connecting rod at ends— "Ol? x P* x D. 
Diameter of ditto at middle — {l + "0035 x length in inchei] x '019 x 
^"P-D. 
Major diameter of part in croestailsOlOS x P* x D. 
Minor ditto ■> 018 x P^ x D. 
Breadth of butt- 1J313 x P* » D. 
Thieltness of ditto =-025 x P* x D. 
Mean thickness of strap at cotter = '00854 x */P x D, 
Ditto above cutter = '00034 x ^/P x D. 
l>isiance of cutter from end of strap «= '0097 x VT x D. 
Breadth of gibs and cntter through croMtail « -0358 x P^ x D. 
Breadth of gibs and cutter through butt -■022 x H x D. 
Thickne« of ditto - -00504 x P^ x D. 

The dimenaions of the several pari* of the side rods may m found firom 
the following formulas, which are calculated so as to make the strain of 
side rodsone-fixth of elastic force, and the itraioa of strap and cutter* 
one-fifth of elastic force. 

Diameter of cylinder side roda at ends —'0129 x P» x D. 

Diameter of ditto at middle— (1 + -0035 x length in inches). 

X -0129 X H X D. 

Breadth of batt-"0l54 x P* x D. 

Thickness of ditto-'OlSS x H x D. 

Diameter of journal at tcvp end of side rod=01716 x P' x D. 
Length of journal at top end = | diameter. 

eter of journal at bottom end >= -01 4 x P' x D. 

Lcagth of ditto- -0153 X P^ X D. 

Bfean thicknesa of strap at cutter = "00643 x P* x D. 

Ditto below cutter >= SX}47 x P* x D. 

Breadth of gibs and cutter— ■016 x P^ x D. 

of ditto--0033KplxD. 

The dimensions of the main centre journal may be found from the fol- 
low iu^ fonuulnA, wliicli are calculated so as to moke the strain ia ordinary 
vorking^onc half elastic force. 

Diameter of main centre journal = '0367 x P' ^ D. 

Length of ditto •»! x diameter. 

The dimensions of the several parts of the air>pump may he found from 
the oorresponding formulas given above, by taking for D another number 
d th« diameter of air-pump. 

DUtEMSlOMS OV THX tSTKtLAL PAKTS Or rUBMAOBS AMD BOELfHS. 

Perhaps in none of the parts of a steam-engine does the practice of 
engineers vary more than in those connected with furnaces and boilers. 
There are, no doubt, certain proportions for these, as well ax for the others, 
vUch produce the maximum amoutit of usefiil effect fnr particular given 
purposes ■, but the detennination of tliese proportions, from theoretical con- 



(ideration*. has hitherto been attended with insuperable difficulties, arising 
principally from our imperfect knowledge of the laws of combustion of fuel, 
and of the laws according to which caloric is imparted to the water in the 
boiler. In giving, therefore, the following proportions for the different 
pans, we desire to have it understood that we do not affirm them to be the 
best, absolutely considered -, wc give them only as the average practice of 
the best modem constructors. In most of the ca-ws we have given the 
average value per nominal horse power. It is well known that the term a 
horse power is a conventional unit for measuring the size of steam engines, 
tut as a foot or a mile is a unit for the measurement of extension. There 
is this difference, however, in the two cases, that whereas the length of a 
foot is fixed definitively, and is known to every one, the dimensions proper 
to an engine horse power differ in the practice of every different maker ; 
and the »anie kind of confusion is thereby introduced into en^neering aa 
if one person were to make his fool-rule eleven inches long, and anoUier 
thirteen Laches. It signifies very little what a horse power is defined to be j 
but when once dffined the meosurement should be kept inviolable. The 
question now tu^ses, what erandard ought to be the accepted one. We 
think that scarcely any one will doubt that the standard fixed by Bonltoa 
and Watt is entitled to the preference, since it answers all the purposes of 
a standard as well as any other, and since they were the first to introduce 
the plan of measuring engines by horses' power. We have given a very 
extensive table of the Dominal horse power of steam engines approximating 
to their standard in pages 96 and 97 of this work. For our present purpose, 
however, it is necessary to connect by a formula the three quontitiesu 
nominal horses' power, length of stroke, and diameter of cylinder. With 
this intention 

Let S = length of stroke in feet, 

€/=diamcter of cylinder in inches; 
then it may be shown that, by adnpling the standard of Baultoa and Watt, 
as established by the late Mr. Watt, 

nominal horse power- -* ^ — nearly. 

We proceed now to stnte wh.it seems (judging by the practice of the best 
makers) U) be Uie best proportions for the difTereat parts of the fursaceoad 
boiler. 

L j4rea nf Fire Grate. 

The average practice is to give '55 square feet for each nominal horse 
power. Hence ihe following rule. 

RiTLB I. — To find the area of the fire grate. — Multiply the member of hortu' 
power by '55 ; the product is the area of the fire grate in vptarefeeU 

Ezampk. — Required the total area of the fire grate for an engine of 400 
horse power. Here total area of fire grate in square feet — 400 x -55—220. 

A rule may also be found for exprening the area of the fire grate in 
terms of the length of stroke and the diameter of the cylinder. For this 
purpose we have. 



total area of fire grate — 



•iiud'n rs 



feet 



^S 



feet 
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This formula expressed in words gives the following rule. 

ILxn.s 2. — To find the area of firt grate, — Multiply the cvbe root of the length 
of'ttrohe infect by the square of the diameter in inehe* ; divide ihe product 
£y 8S : </te quotient ia the area of fire grate in mjuarefeeU 

Erample. — Required the total area of the fire grate for an engine whoM 
stroke — 8 feet, and diameter of cyliDder=50 inches. 
Here, according to the rule, 

50» X JKB" 2500 X 2 5000 
total area of fire grate m square feet = ok — " 86 — " — 86 " 

59 nearly. 

In order to work this example by the fir^t rule, we find flrom the table, 
page DC. that the nominal horses' power of the engine whose dimensions wc 
have specified is 1 04 '3; hence, 

total orea of fire grate in square feet = 1064 x '55 — 58-5. 

With regard to these rules we may remark, not only that they ore 
founded on practice, and therefore empyrical, but they are only applicable 
to large engines. When an engine is very small, it requires a much larger 
area of fire grate io prnportion to its size ibao a larger one. This depends 
upiin tlie necessity of baviug a certain amount of fire grate for the proper 
combustion of the coal. 

IL Length of Furnace. 

The length of the furnace differs considerably, eren in the practice of 
Jhe same engineer. Indeed all the dimensions of the furnace depend to a 
certain extcut upon the peculiarity of its position. From the difflealty of 
firing long furnaces efficiently, it has been found more beneficial to restrict 
the length of the furnace to about six feet than to employ furnaces of 
greater length. 



lOS 



III. Hdyht of Funutcc ttooet Bart. 
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ThU dimeDsion is variable, but it ia a common practice to make tha 
height about two fp<>l. 

IV. Capacity of Furnace Chambtr above Ban. 

In order to determine the aTemge cnpacitj of furnace chamber* above 
han, we may here specify sosie particular engine* 



1 


HoTM Power. 


To««1 Capacity 
above U*r». 


Catwdiy per H.P. 


Tbaae* and Medvay 


434 


640 


1-2 


Sjrdenhain 


78 


84'S 


I -08 


Retribution 


«(>3 


704 


•78 


Rojral Consort 


317 


5.17-3 


•8 


Her MjuestT - 


317 


537-3 


•8 


Forth - - - 


430 


5138 


1-2 


Dm aad Solwav 


434 


494 


1-1 


ArhUlea • 


446 -S 


583-2 


1-3 


Qoeeo ... 


175 


H7-8 


■67 



The aTemge value of theae, per bone power, laay be taken at 1-17 feet. 
Heoce the following rule : — 

BtTLE. — To find the capaeity o/fitmaee chambtr a6on ban. Multiply 
the Kumber qf ncmmat honu' powtr hf 1'17 ( thtprodict u the capacity 
of furnace chambvt aScvt hart in cubic fM. 

V. Arrcu of Ftuea or Ttibet in twtoBett Part. 
Wc maj here specify tb« dimensiona of the flues or tubes of the boiler* 
of aevenJ atem veaaeU, 



Vonl. 


of EoauiM. 


Ar«kor ililnlmum 

aKtIun of Flurt 

er Tubci. 


Arcs per H.P. 


Sydenham 

Royal Contort 

UerMiJeaty 

Forth 

Dee and Solwoy 


78 
817 
ai7 
430 

434 


7-25 ft. 
964 
96-4 
28-8 
29 2 


13-3 in. 1 

11-9 

11-9 

9-6 

9-4 



The tTerafc valne of the area per horse power is 1 1 -2 aq. in. Uencc we 
have the following rule : — 

BlTUL — To find the total area of tktfiutt or tvhet \n tmalUtt part. — Af kJ^ 

tiply the number ofhorte potoer iy 1 1'2 ,- the product it the total area in 

tquare tnchei offiwu or Met n tmalle it part. 

Erample. — Required total area of fines or tubes for the boiler of a steam 

engine whua thf hone powers 400. 

For this example we have according to the rule, 

Total area in square inches -400 k 1 l-S-4480. 

We ma^ also find a rery convenient rule expressed in terms of the atroke 

and the diameter of cylinder. Thus, 

_, , ^ . . ^ 11-«**»*'^W»K*3 
Total are* of tubes or floes m square inches > j= « — 

VI. Effectiiv heating Surface.. 
Ib order to find the average quantity of heating sor&ce per hor«e power, 
w« shall here specify the total amount of heating sarftce of ditfereni 
Teaacla whose en^nes have different bones' power. The effective heating 
torlhce of floe boilers is the whole of fhioaoe surfiue above bars, the whole 
of top* of floes, half the sides of flues, and none of the bottoms ; hence the 
rffectire flae snr&ce is about half the total floe aorfhce- In tnbalar boilers, 
however, the whole of the tube sor&ce is reckoned ^ective surface. 



KfrtTIVK 


mcATXiro atraracB or n,tr« aottcaa. 


▼sstrfk 


Uorst Power. 


Total rifrrtir* 
l>«iatliK burCara. 


EflVrtitf hnUhif 8«r. 
lac* per HurM Power. 


Forth . 
Dee and Solwsy 
Thames and Mcdway 
Bauibalioo '• 


480 
434 
434 
»03 
446 8 


9895-7 

9512 

2111-5 

8537-56 

9703-6 


6-7 

5-78 

4*86 

S-fl 

6-Ofi 



The mc«a of these ntunher* is 54, but for the lai^er class of boilers wt 
may take leas than this, and 5 square feet per horse power anawers very well. 

tiVlM 1. — 7\> find the effective heating turfaee of marine flue hoilert of 
large lite. — Multiply the number o/ nominal hortet' power by ii the 
product u the area of effective heating ittrfaee in tqnare fett. 
ErampU. — lieqiiircd the effective heating surface of an engine of 400 
nominal hone power. 

In this case, according to th4 rule, Effective heating sur&ce in square 
ital*400*»*9000. 



The effective heating sarfoce may be expr««sed in terms of llic Imgtk i 
stroke and the diameter of the cylinder, as follows: — 

5 K«f « .ys ^x ys 

Effective hc&img surtace in square feet — jj — — ^j^— 

The formula, expressed in words, give* the following role : .— ' 

RcLE a. — To find the total effective heating turfaee of marine ftmt htitrt. — 
Multiply the tquare of the diameter of cylinder in inchet by the <wAf real 
ofAe Jaif/Ui of ttroke in feet; divide the product by \0: the qmelteat 
exprtttit the number of tquare feel uf effective heating turf ace. 

Example. — Required the amount of effective heating snrfisce for an engine 
whose stroke =8 ft, and diameter of cylinder >= 50 inches. 

Here, according to Rule 2., Effective heating aur&ce in square fleet - 
50* X y% 2500 j<J 5000 

10 To "= 10 "*^- 

To solve this example according to the first rule, we have, r gfer r in it 
table, pages 96. and 97., the nominal hnrse power of the engine equal I 
106 '4. lience, according to Kule 2., Total effective heating sut&mc* 
square feet-106-4 x4-92-523^. 

EFFKCTTVB BEATING BCRf ACK OF TITBULAa BOtLCaSL 

The effective beating surface of tubular boilers is abonl equal to liw 
total heating surface of flue boilers, or is double the effective saiftcc. ■* 
appears by the following table ; but then the total tube Suiftce ia rrrbimt^ 

effective surface. 



Veeieli. 


Hone Power. 


Total rflbrtln 
bcatlnc Surbce. 


RIMlwhfMlMSw. 
face per Uara fomm. 


Her Majesty, and 

Royal Consort 
Queen - . - 

Brsimnza 

Ocean . . - 


317 
175 

289 
S32 


3344 
1995 
3463 
3128 


10 5 
11-4 
11^8 
13-48 



The more important particnlan, however, of tabular boilers are 
clearly exhibited by the following table: — 

TABLZ or DIHEN8IONI OF TCBtn.AJl BOtLBES. 



Powsa ... 


JTOr f. 


SSSB.P. 


tbi U. p. 


88 ■. P. 


Name «f Veawl 


Roval George 


BrafiDlA 


PuiMlee 


ar 


Ulamrlrr ol Cylinder 


61 In. 


SJln. 


SSIa. 


lH?nf[ih uf Strike - 


sn. 


Sft.eiQ. 


Site In. 


satta. 


BuUen made by - 


Tod* 


Bonr.Curlli 


HuuooB Steal 


WH^mA 




M'Greeor 


aad Co, 






How tupplM with Steam - 
Kuriucc Bar pel H. r. 


Fair 


Abundance 


ToOSMWk 


tueut 


.S33R. 


.MS ft 


.T«ia. 


JHO. 


I<«rn(fili of Tub» per B. T. - 


ia44 a. 


11.96 0. 


iiacit 


• <k 


Socduoal Ktn of Tube per 










u. T. iu Square loclm . 


UJ6tD. 


14.44 IB. 


l>.»la. 


MO IK 


Heating Surface uf Tube 










per a. P. • 


s.wlk. 


nimtL 


IIJMM. 


481 ft. 


Are* nt Ftre-mto per 
Squarv Foot of fr«tlonal 










area ot Tube* - 


6.76 


S.TS 


hOi 


til 


Po*Si 


aiT B. p. 


IoDnp. 


m a. p. 


asaw.fl. 


Name of Veeirl 


BmitCoasMt 


Tbe Wueen 


lairlnrtbit 


^^^MV 


Diameter or C> Under 


« 


WhIlehaTen 


4» 




l^eniith of Stroke - 


• Item. 


Si. haT.(V.nii<7. 
Fawcett and 


4 n. t Iu. 


Mai$imi9 


Boilen made by - 


TndUKi 


Tod and 


PeMAChk 




M-Ctetor 


Preatoe 


M-Gr*rir 




How rappUed with Steaai . 
FuruK* Bar pw ». »- 


AlntndaiH-e 


Mot knows 


Abundanee 


Sewn 


.Win. 


J67fL 


JMA. 


.rnft. 


IvenrthorTubeprr n. p. - 
Sectional area of Tube per 


(2.Mn, 


11.177 ft 


It 18 ft. 


ua 










■. r. lo Square liuhiia • 


li.|}la 


11 in. 


Il.Wta. 


um. 


HcaUnc Surface of Tuba 










per M. p. - 


S.TCl ft. 


8.« (k. 1 


».ia ft. 


lAiJtt. 


Area of Flre^erate per 
fl^osf* PdM 01 •MCtonal 










aieaofTutas • 


».T47 


4.S 


ii.«a 


4.0 



It appears from these data that the total heating surfhec of flue aai tMr 
bnlar marine boilers is about the same, namely, about 10 aqiutf>e (eel prr 
horse power. 

VIL Area of Chimney. 

For the purpose of deducing a rule for this we shall here specify aoasc 
particular examples. 



Vm4«I. 


Collective Po»«r 
of Knflnn. 


Are* of CkMUMy. 


A«e* pee H.t. 


Sydenham 

Royal Consort 

Her Miiu*^*fy 

Forth 

Dee and Solway 

Queen 


78 
317 
317 
4.11} 
434, 
160 


5-94 sq. ft 
2375 
2375 
24-9 
28-3 
125 


10-96 w). la. 

10-79 

10-79 

8-30 

9-39 
11-95 



Boilers and Furnaces, — Proportions used in Practice. 



100 



The mean nine of the qnantidei in the lut column u 10-33. Hence 
w« hare the foUoving rule : — 

KcLX 1.— To find Uie area of ehinnej/. •^Multiply thi number of nominal 
kortt poufer by 10*23 ,- (Ac product it lite araa of chimney in tquare 
McAei. 

Example. — lUqaired the area of the chLmaey for aa engine of 40O 
■ommal horse potrvr. 

In this example we have, according to the rule, 

area of chimney in square iDch««--400 x 10-23 »4092. 

We may alio find a formula fur cooneciing together the area of (he 
diiaBey, the length of the stroke, and the diameter of the cylinder ; thus 

... , . 10-23 X rf* X y^ tf X ♦'S. 
area of chim&e; m aquare inchei^ t= — — ^ 

Thia formula, expressed in words, gives the following rule : — 

Rule 2. — To find the area of die chinutey, — Multiply the aquare qf the 
diameter expreued in inchea by the cube root of the ttroke e xprtMt td in 
ftti ; divide theprodict by the manber 5 ; the quotient expnete* the number 
ofmpuue inehe* in the area <^ chimney. 

J^jraiapb. — Required the area of the chimney for an engine whose 
ctroke=8 feet, and diameter of cylinder = 50 inches. 
We have in this example from the rule, 

... . ^ 50» y >'r 2500 x 2 
area of chimney m square inches = r — — t— = 1000. 

To work this example according to the first rale, we find, by referring to 
the table, pugi-s U6. and 97., that the nominal horse power of this engine is 
104'<> : hence, according ta Rule 1., 

area of chimney in square inches=:104'6 x 10-23 =:1070. 

The latter Talne is greater than the former one by 70 inches. This dif- 
ference arises from oar taking too great a divisor in Role 2. Either of 
the valoea, howerer, are near enough for all practical purposes. 

VIII. Water in Boiler. 

The quantity of water in the boiler differs not only for diffetcnl boilers, 
but differs even for the same boiler at diifereot times. It may be lueful, 
however, to know the average quantity of water in the boiler fur an engine 
of a given horse power. Following out the same plan that we hare followed 
with the others, we here sultgoiit some particular ezamplea of particular 
«i>^a«a. 



VmmL 


Ci)lli!etltr« Pow- 


Atengc Qiuntliir of 
WMCer In !)!« Haaer, 


Atengt QuaotU*' 


er of Bn(ln«t. 


pwH.F, 


Achilles 


446-8 


2900 


6-49 


Sydenham 


78 


201-5 


8-74 


Retribution 


903 


4056 


4-4 


Her Majesty and 1 
Royal Consort 


317 


1433-3 


4-5 


Forth 


430 


2439-3 


5-7 


Dee and Solway 
Thomea and Medway 


434 


2338-4 


5-4 


434 


2647 


fi-09 



The mean value of the last column is about 5 i hence we may say that 
oa an average there is 5 cubic fet^t of water in the boiler for each aominal 
korse power of the engine. We may therefore form tht: follow Lug ruler 

Rin^K 1. — To determine the average quantity of mater in the hoiier. — Atul- 
tiply the number uf liorte* power by ^i tkt product exprettee the eubic 
ftet of water unually in the boiler. 

Tliis rule may be so modified as to nuke it depend upon the stroke and 
diam«ter of the cylinder of engine ; Ihns, 

5 X d* X yS 
enhic feet of water in the boiler « 5 x nominal horse power— jj — — 

This formula, when expressed in words, gives the following rule : 
RtTt.K 2. To determine the cubic feet of water uMuaUy in the boiler. — Multiply 



the cube root of the ttroke in feet, the mpiare of the diameter of the 
eyUudtr in inchet, and the number 5 ; diride the continual product by 47 ; 
the quotient expresse* tlie cubic fett of water utuaUy in the boiler. 

Ktample. — Required the ustud quantity of water in the bmlers of an 
hose stroke °s 8 fL, and diameter of cylinder <> 50 in. 
lere we have from the rule. 

5x50»x ^'i 5 K 2500 x 2 
47 



47 



25000 
47' 



— r,- -532 



Cubic feet of water in boiler— 
nearly. 

In order to work this example by Rule 1, it is necessary to refer to the 
tabic, pages 96 and 97. According to the table, the engine, with the 
diBeosinns we have specified, is of 106*4 aominal horse-power. Hence, 
■eeordiog to Rule 1, 

cubic feet of water in boiler— 106*4 x 6 — 532. 



IX. Area of Water Levd. 

We here subjoin some examples of the area of water level in the bmlers 
of particular steam vessels. 



VeMsl. 


CoUectlTr Power of 
Eagiora. 


Am sf Witcr L«rel. 


"rr 


Dee and Solway 


434 


695*4 


1-6 


Sydenham 


78 


65-25 


•84 


Retribution 


903 


850 5 


•94 


Her Uajesty and 1 
Royal Consort 


317 


304-6 


-96 


Forth 


430 


564-4 


1-81 


Thames aud Medway 


434 


413 


*»8 


Achilles . 


446-8 


565 


1*3 



The mean value of the numbers in the last column is a little more than 
I, Ik'uce we may take one square foot of water level for each hone power. 
We may put this result in the form of a rule. 

Rci.E 1. — To find the area of water lettL — The area of footer levd am- 
tain* the same number ofequarefeet om there are unite in the nuwdter ex- 
preeeiny the nominal horee paeaer of the engine. 

Example. — Required the area of water level for an engineof 200 nominal 
horse power. According to the role, the answer is 200 square feet 

To proceed in the some manner as we have done with the others, we add 
a rule for finding the area of water level when the diameter of cylinder 
and the length of stroke is given. 

RlTLK 2. — To find the area of vater level. — Multiply the equart of the diw 
meter in incbeA by the cube root of the stroke in feet ; divide the product 
by 47 ; the quotient expreuee the number of »quare feet in the area of 
u>ater levd. 

Example. — Required the area of the water level for an engine whose 
itroke ia 8 feet, and diameter of cylinder 50 inches. 
In this case, according to the rale, 

. , . . 60» X >'8 

area of water level m sqaare feet — — 7= — — 106 

In order to work this example by Rtils 1., ve must refer to the table of 
nominal horse power at pages 96 and 97 ; and we find that the nominitl 
horse power is 106 '4. Uence, according to the rule, the area of water level 
B 106 -4 square feet 

X. Steam Roam. 

It is obvious that the steam room, like the quantity of water, is an ex- 
tremely variable quantity, differing, not only for different boilers, but even 
in the same boiler at different times. It is desirable, however, to know 
the content of that part of the boiler usually filled with steam. Following 
the same method as previously, we here add some examples of the average 
quantity of steam room m the boilers of different steam vessels. 



Vsiiri. 


CoUcrtlve Fovar 


Total Stsam Room. 


Stewn Koem 
pvH.P. 


Achilles 
Sydenham 
Retribution 
He? Majesty and" 
Royal Consort - 
Forth 

Dee and Solway 
Tliames and Medway 


446*8 

78 
903 

317 

430 
434 
434 


1380 

215 

2272*4 

850 

1880 
1770 
1064 


3 

3-8 

2*5 

2-68 

4-4 
4-1 
2-45 



The mean v^ne of the qnantilies in the last column is aboot 3 : hetice we 
have the fbllowing rule for determining the average quantity of steam room. 

RtTLE 1 . — To determine the average quantity oftleam roam. — Multipiy Ae 
number exprretiny the nominal horte power by 3 ; the prxtduct expreteee 
the average number of cubic feet ofeteam room. 

Example. — Required the average capacity of tteam room for an engine 
of 460 nominal horse power. 
According to the rule. 
Average capacity of steam room = 460 v .■< cubic feet= 1380 cubic feel. 

This rule may be so modified as to apply when the length of stroke and 
diameter of cylinder is given ; thus, 



cubic feet of steam room — 



ind'n ys dfxyS 



nearly. 



47 15 

This formula, when expresaed in words, gives the following rule : — 

Rule 2. — Multiply the iquare of the diamrter of the cylmtter in inchet by 
the cube root of the xtrohe in feet ; divide the product ijr 15 ; the quotient 
exprettet the number of cubic feet of tteam room. 
f 



Boiler$— Comparison of the Waggon-thaptd and Comuh Boilers. 



2500 X a 5000 „.„, 



HO 

ExamfU, — Required t]ie Average rapacity of ■team room Tor an engint 
vhoae stroke u 8 feet, and diameter of cylinder 5 indies. 
La thii CBie, according to tlie ruie, _ 

u- , 50* K >'8 
Steam room m cubic feet — — rr — — .. — .. 

In order to work thia example by the fint rule, ve mutt refer to the 
table of nominal horse- power. We find that the nominal horse power of 
this engine is I06'-( ; hence, according to Rule 1., 

arerage stream room in cubic feet— 106 -i x 3i-32U nearly. 
Before leaving these roles, we would again repeat that ibey ought not to 
be comsidered as rules founded upon consideratioiu for giving the maximum 
effect from the combustion of a given amoant of fiiel ; and consequently the 
engineer ought not to conicider them as invariable, but merely to be followed 
msur aa circumstances will penuit We give them, indeed, as the medium 
▼alue of the very variable practice of several well-knuwa constructors ; 
oonaequendy, although the proportions given by the rules may not be the 
best possible for producing the most useful effect, still the engineer who is 
guided by them is sure not to be very fi>r from the coniiuon practice of 
most of onr best engineers. It has often been lamented that the methods 
used by different engine makers for estimating the nominal powers of their 
engioes has been so various that we caa form no real estimate of the 
dinensioos of the engine, from its reputed nominal horse power, unless «e 
know its maker ; but the same confusion exists, also, to boiue extent, in 
the eonstmction of boilers. Indeed many things may be cneutiuued. which 
have hitherto operated as a barrier to the practical application of any 
standard of engine power for proportioning the different parts of the boiler 
and fomace. The magnitude of furnace and the extent of heating surface 
necessary to produce any required rate of evaporation in the boiler are 
indeed known, yet each engine maker has his own rale in these matters, 
and which he seems to think preferable to all others, and there are various 
circumstances influencing the result w hich render fdcts incomparable unless 
those circumstances arc the same. Thus the circumstances that govern 
the rate of evaporation, as inBueoced by different degrees of draught, may be 
regarded as but imperfectly known. And. supposing the difficulty of 
aaoertainmg this rate of evaporation were surmounted, there would still 
remain some difficulty in ascertaining the amount of power absorbed by 
the condensation of the steam on its passage to the cylinder — the imperfect 
condensation of the same steum after it has worked the piston — the friction 
of the various moving parts of the machinery — and. especially, the difference 
of effect of these lanes of po« er in engioes constructed on different scales 
of magnitude. Practice rou«t often vary, to a certain extent, in the coo- 
siructioD uf the ditfereot pnrts of the boiler and furnace of an engine ; for, 
iiMiciwiideiiily of thedifliculty of solving the general problem in engineering 
th* dclarmiuBtion of the maxiiuum effect with the miuimuiii of means, 
imaeiiM would still require to vary according as in any particular case 
tbe desired minimtun of means was that of weight, or bulk, or expense of 
material. Again in estimating the proper proportions for a boiler oad its 
•ppeodagesv reference ought to be made to the disiinctios between the 
•• power" or " effect" of ^c boiler, and its ** dttty." This is a distinction 
to be oooaidered also in the engine itself. The power of an engine has 
nfacaoe to the time it takes to produce a certain mechanical effect with- 
oat refrreocc to the amount of fuel consumed ; and, on the other hand, the 
duty of an engine hM refereitce to the amount of mechanical effect pro- 
duced by a certain eonsamptioo of foci, and is independent of the time it 
takes to produce thst effect. In expreiaing the duty of engines, it would 
have prevented much oeeilless confusion if the duty of the boiler had been 
•Qtimy aeperated from that of the engine, as, indeed, they are two very 
dtatiaot things. The duty performed by ordinary land rotative steam 
cagisea is — 

One horse power exerted by 10 lbs. of fuel an hour ; or. 
Quarter of a million of lbs. raised one foot high by 1 lb. of coal ; or, 
TwentY nilUona of lbs. raised one foot by each bushel of coals. 
Thoogb in the beet elate of rotative engines the consumption is not above 
half of this amount. 

Tlie coint^ut situ of different engine makers la to fawrt aa e the amoant 
of the duty ; that is. to make 10 lbs. of ftiel exert a greatCT effect than one 
hone power : or, in other words, to make I lb. of* coal raise more than a 
(foarter of a million of \\*. one foot high. To a great extent they have 
been wwociMful in this. They have caused 5 lbs. of coal to exert the force 
of MC horse power, and even in some cases aa little as i\ Iba. ; but in these 
latter casc5 the economy is doe chiefly to expan«Te action. In some of 
the engine*, however, working with a consumption of 10 lbs. of coal per 
Bominal horse po«cr per hour, the power really exerted amounts to much 
aore than that upi— auUil by 3S.00U Iba. lifted one foot high in the minute 
Ifar each horae power. Some cnginea lift 56,000 lbs. one foot high in the 
niaata by asoh horse p<iwer, with a conramption of 10 lbs. of coal per 
hone power per hour ; and even this performance baa been somewhat ex- 
ceeded without a wootin e to expansive action, in all modem engines the 
actual perforinaaea lawth cxeeeda the nominal power; and reference must 
be had to this eimUBattaoa ia oootnating the duty of different engines. 

We nay here fir* tha ftUoviaff table, taken from the «xt>eriment8 or 
eolleeted data of Pariiaa. Wieiiatccd, and Boulton and Watt, and which is 
MtpprMed to contrast tlie respective distinguishing features, and the com- 
parative economy, ot the two systems of generating steam practised in the 
boidton and Watt boiler, and the TrevithiclL or Cornish boiler. 
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By this Table, it appears that, b the Cornish boiler, 

1. The ratio of the area of the beating surfM^e to that of the fire gnie 
is more than double what it is in the common boiler. 

2. The proportion of heating surface to the quantity of water trafcatti, 
or of fuel consumed, is about ten times as great. 

H. The ratio of combustion is slower with the Cornish boiler than with 
the common one, in the ratio of 1 to -t. 

4. There is an economy of about '27 per cent, in fbel by the oat of tho 
Cornish system of boilers, as compared with ordinary land boiler* ; thoogh 
they are less economical, as has been shown by the trials at the Ulac4wall 
Railway, than marine boilers, having' the same amount of surface. 

Although a great economy of fuel is gained by the C'omisli iMjiler, it ia 
important to observe that this advantage is attended with a lo^s of time.' 
Thus, one waggon-shaped boiler at the Albion Mills, weighing only 7| 
tons, evaporated 55 cubic feet of water per hour ; while three cylindrical or 
Cornish boilers, weighing 48 tons, evaporate only 48 cubic I'eri. Thia 
is chiefly the result of the system of firing practised with the one botJer 
and not with tlie other. Again, in eslimating the different (^nalitiea of th* 
two classes of boilers from a table containing praciical data, as the one w 
have given, it ought to be remembered that the average preaaore of the 
steam in the Oonii<sh boiler is greater tliau the average pceesara of ataoa 
in the waggon boiler. The high pressure of the steam in the Coraisii 
boiler requires the maintenance of a higher temperature in and abont the 
boiler, and consequently there would be greater loases from dispersioa. bat 
for the effectual kind of clothing employed in the Cornish engtnca and 
boilers, and to wUich no inconsiderable part of their economy is to be attri- 
buted. It appears probable to us that the marine tubular boiler, at the 
tubular boiler with upright tubes, will »u[ierse<le the (.^omish boiler; aad 
the exchange, it can hardly be doubted, would lie an improvement: Csr 
with the same economy there would be a saving of weight and a aaiiag 
also of the expense of setting. Indeed in the cose of all hwd boilers^ thaa 
expense will probably be hereafter saved by the aubititution of the laariae 
form of boiler for that which has heretofore been adopted. 

With these remarks we leave the subject of boilers, where we have per- 
haps lingere<i too long. We may mention that, although a grrat deal d 
attention and engineering ingenuity has been bestowed upon the imprnve- 
ment of boilers, there still remaina great scope for improvement iodetd, 
although some few engineen have spent a good deal of attention 
and ingenuity upon the subject of boilers and furnaces, still it b much to he 
lamented that the aim of so many others is no higher than to follow clc«ely 
in the footsteps of their predecessors. The rule of the great majority of 
cuostnictors seems to be to follow as closely as circumstances will penait 
that which has been found to answer. The blind snbmisaiao which thcj 
display to the maxims of their predecessors, and their servile imitasion w 
their maxims, has hitherto operated as an almoct impenetrable barrier 
against extensive improvement in this most important department of en- 
gineering. Indeed we ought not to expect any other restilt No iroprere- 
ment can reasonably be expected in any art or science, unless aoineJiMlieioBa 
departures be made from the roinnion methods. The coastmctioa of the 
boiler of a locomotive engine affords a striking example of the amooot of 
improvement which may sometimes be mode by judicious expcrimcat, aB4> 
the extension of this principle to marine boilers, which has now been Bfr> 
oomplished, is an important step in the right direction. Nevertheleaa umdk 
remoins to be done both as regards the distribution of heat-reeetriif 
surface in the 1x*st manner, and the introduction of improved means at 
feeding the fire with coals. The modes of feeding the drc at prceent ia 
use are far from satisfactory, and in steam vessels particularly arp the 
occasion of great labour and expense, all of which could be obviated hj 
the introduction of some automatic machinery, by which the engine wooM 
supply the furnaces with the fuel they require. The revolving grate dc^^ 
scribed in page i-i, with its accompanying apparatus, is the self-acting iiv> 
feeder to which we ihiuk a preference should be given ; and in the boiler 
with upright tubes described at page 69 the revolviuK grate ia of easy 

application. Experiments with these upright tubes ha<: ' - "rtt they are 

considerably more efficacious than rubes lying horixni - thrir nar 

is attended with various collateral advantages. For <n boilen 

with short upright lubes wouhi be preferable to the ordinary plan of loco. 
motive boilers: a large fire surface would then be obtainable, and hatlinl* 
power would require to be wasted upon the blast 
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^^^^^H SIMKKIIOMS OP KNUlllSa. 


thmaCiAn nf hnnpcnfiliffpront HikniMpn Fnr pi m»« nr flat Kf r ^H 


^^^^^^ Hartnf; IkM ftfT difpoced nf the jobject of boiler*, thm may 1w no 


Rruc — AiM the th-cknrM nf the bar to the rrquind tfaifteir. ami ife 


^^^B (rrrat inipro|itw^,Wun' coloring m l«ii|;ili upon Uiv kulijwt uf i'ugiu<% tu 
^^^H Ht down loaM «■ Qm cbwf dini«n*ionc of inarine and loeomotire eogines, 
^^^H Ik* loeanMAJv* boiler and engine being to idcntififd, that it i« difficult to 
^^^H WBaiatti the eoaiMrntion of them. We first give a table of the dimensiona 
^^^H mVUmrt. Mnidalair and Co'* side lerer marine engine*, and another of 
^^^H tb* dhmmiiwia of Moiara. Seavard and Co'*. We do not attach anv irrent 
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also two thirds of the thickness of the flange. GeoenlK, however, ihv tif* 


^^^H We add aoTnc rules and table* for facilitating the conatnKtion of boilers. 


bars are seut from the iron works so curved that the plain edge nf tJM 
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30 01 


3 


\ 


4 Oj 


1 


6 0] 




8 0) 




10 (^ 


12 

12 1 


\ 


14 01 




16 


; 


18 




30 01 




3 1 


i 


4 1 
* 1 


J 


6 11 




8 1 
8 1 


10 1 




1 


14 1 


16 1 


1 


18 i 




30 1 




3 1 


1 


6 1| 






10 1 




12 I 

12 1 


1 


14 11 




16 I 
16 1 




18 1 




30 I| 




3 3 


! 


4 2 


6 3 




8 2 




10 2 




i 


14 11 






18 1 




30 12 




2 a 

3 Sj 
3 31 


4 2| 


1 


6 2 




s 4 




10 S| 




12 3} 




14 2| 




16 3 




18 3 




30 31 




2 


4 2J 


i 


6 3i 




f 


10 S) 




12 2} 


i 


14 2} 


1 


16 3 


2 


18 8 




30 S| 


B 


1 3 


4 31 


I 10 


6 SI 
6 S| 


2 5 


8 3i 


3 


10 31 


8 7 


13 31 


4 3 


14 31 


4 9 


16 31 
16 3 


5 4 


18 31 


5 11 


SO 31 


1 


3 3J 




4 3^ 


i 


} 


8 3} 




10 3} 


1 


12 a| 


1 


14 3 


.! 




18 31 




20 31 




;:i 


. 


4 *\ 


\ 


6 4i 


1 


8 4| 


; 


10 41 


12 41 


1 


14 4 




16 4 




18 4 




20 4 






4 4| 


1 


6 41 


8 ^ 




10 4i 




13 41 
12 4J 




14 4 


r 


16 4} 


18 41 




20 41 




3 b 




4 h 


1 


6 i 


\ 


8 5 


1; 


10 5 


j 




14 4 




16 4i 


18 4} 




SO 4) 




551 




4 5| 


6 A| 


i 


8 5} 




10 51 


12 r>) 




14 5] 




16 51 




18 51 




30 51 






4 5J 


J 


6 £{ 


\ 


8 &l 




10 bl 


1 


12 5J 




14 Sj 




16 5f 




18 51 




30 51 


f 


2 6] 




4 ^ 


« 


6 6{ 


\ 


8 6| 




10 61 


I 


13 61 




14 H\ 


J 


16 61 


1 


18 «1 


: 


30 61 
20 61 


9 


2 6} 


1 4 


4 ^ 


1 11 


e fi] 


2 € 


8 6) 


3 1 


10 6J 


S 8 


13 6} 


4 3 


14 6] 


4 10 


16 6| 


5 & 


IB e{ 


6 




2 75 


1 


* 7.J 


1 


6 7i 




8 7i 

8 ?; 




10 71 


: 


12 7 




14 7 


1 


16 7 


' 


18 7 








2 71 


\ 


4 7i 


i 


6 7} 






10 71 


12 7 




14 7 




16 7j[ 




18 ?1 








3 8 




4 6 


1 


6 8 


1 


8 a 




10 8 


1 


13 7 




14 7 




16 7J 




18 72 






■ 


\% 


j 


4 Si 
4 8 




6 ^ 

6 81 




8 8] 

8 8 
8 9 




10 81 
10 8) 




13 S 
IS 8 




14 8 
14 S| 




16 Hi 
16 Bf 


J|18 8 

(18 8 








3 9} 


a 


4 ^ 




6 «1 






10 9 




IS 9 




14 9 


, 


16 91 




18 91 






a 9} 


i 


4 9| 




6 n 


1 


8 9j 




10 9j 




13 9J 


I 


14 « 


I 


16 Oj 




18 91 






10 


2 lot 


t 5 


4 10| 


2 


6 I0| 


a 7 


8 10 


a 3 


10 101 


3 9 


12 10 


4 4 


14 10 


4 11 


16 10 


5 6 


18 10 




2 Id,* 


1 


4 H»] 


] 


6 10) 


t 


8 10 




10 101 




13 101 
12 10} 


i 


14 101 


i 


16 10} 


1 


18 lOf 






\ 


2 IE 


\ 


4 11 


1 


6 11 


8 11 


10 11 




1 


14 10} 


J 


16 lOj 


\ 


18 101 








2 ni 


\ 


4 11 


i 


6 Hi 


1 


8 H] 




10 llj 




13 11| 


i 


14 111 


1 


16 It) 


1 18 111 








2 ii; 




4 11 




6 Hi 


k 


8 in 




10 llj 




13 11} 




14 llf 




16 11] 






3 Oj 




5 14 


7 01 


1 


9 01 




11 0) 




13 01 


IS 01 


1 


17 Ul 


i,'9 n 








s?l 




S 0] 


\ 


7 OJ 


9 0| 




H Of 




13 0| 


1 


15 Oj 


i 


17 o\ 




\l V* 








5 1| 


\ 


7 Ji 


i 


9 U 




11 11 


■ 


IS 1 


15 1 


I 


17 1 


I 


19 1 






11 


3 1) 


1 6 


5 IJ 


2 1 


7 1| 


3 8 


9 H 


3 3 


11 H 


3 10 


13 11 


4 5 


IS 11 


5 


17 n 


S 7 


19 11 


i 


.1 2 


i 


5 2 


J 


7 2 


1 


9 3 


i 


11 2 


t 


13 Ii 




15 1 




17 Ij 




19 ij 






\ 


3 Si 

3 s; 


\ 


a 21 


1 


7 21 


I 


9 2] 


i 


11 S| 


13 2} 




15 21 




17 31 




19 S] 








j 


a 22 


) 


7 21 


I 


9 2| 


i 


11 2J 


1 


13 22 


15 3} 




17 2J 


{;i9 2} 






1 


3 S| 


{ 


5 ^ 


' 


7 3| 


\ 


9 31 


1 


11 31 


1 


13 31 




15 31 




17 31 




19 31 






1 


3 ^ 


1 


S 3) 


7 3J 


i 


9 Sj 


1 


11 3j 


j 


13 31 




15 31 




17 3t 




19 3j 






1 


3 4^ 


4 


5 4| 


1 7 4i 


\ 


9 4) 


,1 


U 41 


i 


13 4 




15 4 




17 4 


j 


19 4 






J 
1 


3 43 

3 b 


1 


5 4J 




7 4i 


I 


9 4i 


11 41 


I 


13 41 


I 


15 41 


I 


17 4J 


i 


19 4{ 






1 7 


5 5 


2 3 


7 6 


2 9 


9 5 


3 4 


11 5 


3 11 


13 4} 


4 6 


15 42 
15 51 


5 1 


17 41 


5 8 


19 4] 




' 


3 £ 
3 & 




5 S] 


i 


7 5| 


i 


9 ii 


I 


11 Bl 


i 


13 H 


i 


[ 


17 51 




19 51 








5 5J 


1 


1 51 


i 


9 aj 


i 


11 fij: 


i 


13 fl{ 


IS 5} 


17 5j 




19 5) 








3 6} 


1 
k 
1 


5 6| 


1 


7 61 




9 CI 


1 


11 61 


1 


13 61 


1 


15 61 


i 


17 6j 




19 61 








3 6] 

3 -J 


5 6j 
5 7J 




r?l 




9 6J 
9 71 


1 


11 68 

11 71 




13 61 
13 7 


1 


15 6j 
15 7 


1 


17 £1 

17 7 


19 61 
19 7 






2 


J 74 
3 8 




5 7| 

6 8 


\ 
\ 


;? 




» 71 
9 8 




11 71 
11 8 


i 


13 71 
13 7} 


i 15 7 
I 15 7| 


i 


17 71 

17 71, 




19 71 
19 7} 







tir* it Mocave, lod the flange edge eotiTex ; irhne the «ide which \i alter- 
vrnrl* to be b<fnl into contact with the cylindrical surface of the wheel is A 
plAnc Bv this means the addition to the diameter of two lhtrd»the thick- 
mtM tit the flange it nnneccMary : fiir the curving of the flange edge has the 
^llg«l of incrtuKing the real length when only the chord of the arc is 
BMMred for the circumference. The radini of the curre in which the 
tirea are firnt bent may be safely taken as four limes the circumference of 
tile hoop or wheel. In the form of rules, these rccolts will be, first; — when 
ike tire ia straight • 

Tfatt.it. — Add the AicknuK of the hoop, and two-Aifds the thiekneu of the 

/iamge to l/u diameter, and find the cvrrttpomiing cinnm/ercnce. 
Aad when the tire it curved it will be : — 



BuuB. — Add the thkknet* of the hoop to lh« diameter, and Jmd the 
circumference. 

Id calculating the length of angle iron required for a given diamettr 
tbe tables given above, obtained fVoni a work by Mr. Podeo, which is littlfl 
known, ore to be used instead of the table of circumferences of circlet. 
The first of these is for iron, in which the angle or flange is outside, and 
the second for iron, in which (he angle or flange is inside. When the 
angle ia outside, its total breadth must be added to the intenial diameter, 
and the circumference found in the table marked, " angle ootside." And 
when tbe angle is inside, the breadth of the angle must be tubtncted trom 
the diameter, which, in this case, is the external diameter, and the circiuD- 
ftrence found in the table marked. " angle inside." We here add a table 
of the dimeasions of the parts of Locomotives 



^^F 114 ^^^^^^^V TabU of Dimension* qfthe Parts of Locomotive Engines. 


^ 


■ 




Takx or DnnEMsioNB or thb Pakth or Locomottvx EiiatKES. 




^r 


■ 




NAME OF RAILWAY. 


Bctsium. 


Bordiuus Add La 
Tetle. 


North MtdUad 
CounUci. 


NoHhrm and 


Crest Vlulan. 


UaftbfMl. 


1 




It. in. 


ft. In. 


It IB. 


n. In. 


ft. la. 


It. In. 




Width of Railway between r«ila - - . - 


4 8} 


4 8i 


4 81 


5 


7 


t 3 




Diameter of boiler (inside) .... 


3 4| 


3 Ij 


3 7\ 


3 71 


3 111 




length of ditto ...... 


8 a 


e 9 


8 6 


8 


8 6 


8 « 






ThickneM of plaa>s ..... 


I ^ 


; ^ 


0} 


I Si 


0{ 


OJ 






Length of ouUide fire-box .... 


4 


4 6 


3 7 






fireadtb of ditto ... . - 


4 


3 9i 


4 


4 01 


4 8 


4 1 






Depth below boUcr ..... 


a 


1 8 


a 2 


2 a 


a 3 


a 01 






Hetght aboTe ditto . . . - - 


4\ 


not ascertained 


a 7 


2 7 


a 1 


«i 






ThickncM of plates . . . . - 


01 


O] 



3 3 


02 


Of 


u 




Length of inside fire-box . . . - 


3 0| 


a 6 


3 3{ 


3 81 


a 10 




Breadth of ditto ...... 


3 41 


3 ■ a 


3 44 

0| 


3 41 


3 111 

ol 


3 &! 




Thickneu of copper plates .... 


0| 


0| 


01 

(4 


Oj 

oj 




Extra thickness of ditto for insertion of tubes 


0} 


Oj 


D 


oj 




From bottom of fire-box to top of fire-bars 


8 


•.. 


9 


.■. 


9 


« , 




From top of fire-bars to crown of fire-box 


3 4J 


... 


3 71 


... 


... 


3 4 ■ 




Area of fire-grate in sup. feet .... 


10 2] 


... 


11 a 


11 3 


la 10 


9 101 


■ 




I^engtli of smoke-box (inside) .... 


1 11} 


1 iij 


2 1 


2 1 


a u 


* 1 


■ 




Breadth of ditto (outside) .... 


3 II 


4 1 


4 a 


4 21 


s a 


4 1 


■ 




Thickness of tube plate ..... 


oj 






(ll 


oj 


U (^ 


; 3 


■ 




Ditto of side plates ..... 


0\ 


q\ 


01 





I 




Diameter of chimney (inside) . . . • 


I Oi 


1 


I a 


1 3 


1 4 


1 2 


M 




Height of top of ditto from rails . - - - 


... 


13 


14 


13 6 


14 10 


U < 


■ 




Nombcr of brass tubes - - . - . 


86 


94 


ia3 


lai 


ISl 


10« 


■ 




Exterior of diameter of ditto . . . - 


a{ 


a 


( 115 at a } 

i 8 at 1| i 


a 


f 127 at a 1 
1 and 4 at Uj 


1 


nl 




Thickness of tnbes. — Wire gauge . . - 


Nal4 


No. 14 


No. 14 


Na 14. 


No. U 


NaM 






Distance from centre to centre of tnbes ... 


S 


2| 


a} 


8| 


a{ 


2) 






Diameter of steam dome (inside) . . - 


1 6 


... 


... 


... 


... 


1 7 






Height of ditto ...... 


a ri 


... 


... 


... 


..» 


« T| 






Diameter of safety tsItcs - . . - 


aiand 3 


3} and S{ 


4 and 4 


4 and 4 


31 and 31 


aiaadS 






Diameter of inside copper steam-pipe ... 


5 


5 


61 


61 


61 


•! 






Thickness of ditto. — Wire gauge ... 


Na 10 


No. 10 


... 


••• 


Na 10 


Naio 






Diameter of branch steam pipes (inside) ... 


3| 


31 


41 


41 


4 


4| 






Diameter of top of blast pipe (inside) ... 


9^ 


a 1 


3 


3 


3 


3 






Diameter of cylinders ..... 


I 01 


1 (> 


1 a 


I 9 


1 3 


1 2 






Ijength of stroke ..... 


1 a 


1 e ' 


1 6 


I 6 


1 6 


1 « 






Distance of centres of cylinders .... 


a 5 


a 5 


a & 


a S 


3 


a t 






Siie of steam ports ..... 
Ditto of eduction ports - - . - . 


11 X t 


9 X 1 

9x2 


It X It 


11 X U 


11 X 11 


11 X 1 






11 X a 


11 X 21 
0| 


1 I K 2] 


'i " '4 


It X a 






Breadth of bridge between ports ... 


Of 


0] 


Of 


a 






Lead of slide valves ..... 


oA 




oj 


0^ 


OA 

o| 


... 


0^ 






Cover of djtto - - .... 


Hi 


01 


0) 


o); 






Distance from centre of cylinder to centre of steam chest 


11 




I 01 


1 01 


1 s 


1 oT 






Thickness of piston ..... 


31 


3| 


4l 


*l 


4 


41 


^1 




Diameter of piston rod - . • . . 


a 


a 


3 


a 


al 


t H 




Ditto of valve spindle . . . - . 


01 


1 


I 


1 


1 


1 H 




Ditto of pump ram - « . . . 


I 


a 


a 


a 


a 


fl H 




length of pomp lever - - - . - 


H 


None 


«r 


H 


None 


^1 




Diameter of ball valves ..... 


a 


2^ 


2l^ 


!f 


H 




Ditto of union and suction pipes (inside) 


H 


li 


li 


H 


i| ^1 




Diameter of driving wheels . . - - 


5 6 


6 


9 


6 


7 


6 H 




TvrH of ditto in centre of tread- ... 


,. , 


6 X 1] 


7 X li 


7 X If 


51 X 2 


S| « 1| ^1 




Diameter oT leading wheels .... 


3 9 


4 


5 


4 Of 


4 


1 ^H 




T^Te« of ditto ...... 


>.. 


31 X l| 


« X 1{ 


fi X 


Al X a 


»i • •! 1 




Diameter of trailing wheels .... 


3 9 


4 


3 6 


4 


4 


Nofi« 1 




Tyres of ditto ---... 




H X i| 


6 X n 


6 X II 


SI X 9 


^_ 




Diameter of plain part of cranked axle ... 


'" n 


5 


H 


H 


61 


3 1 




Ditto of inside bearings ..... 


s 


a 


5} 


A 




length of ditto ...... 


3) and 3 


9 


3] and 3 


31 and 3 


4 


• H 




Radius of ditto ...... 


3 and 9j 


n 


ail X ayi 


2ft and an 








Diameter of crank pins ..... 


5 


5 


H 


5f 




I^ength of ditto ...... 


3 


8 


a 


3 


4 


f ^H 




Radius of ditto ...... 


2 


' 


Si 


H 


H 


H 


^^^^H 




Diameter of ootside bearings .... 


3 




3\ 


H 


H 


4 


^^^^H 




Length ot ditto ...... 


6 




H 


5 
7 and 5 


5 


« 


*P^B 




Diameter of bosses on axle for eccentrics 


Sfand 4 




S and A 


7 X 6 


71 tad 6 


7 K ^ 


■ 




Ditto of ditto for driving wheels ... 


6 




61 


H 


6 


7 


« 


■ 




Length of ditto for ditto .... 


7 




8 


7 


rte 


1 


■ 




Diameter of axle for leading wheels ... 


3 




4 


6 


4 


61 •ad4( 


4 


■ 




Ditto of bearings far ditto .... 


3 




H 


3i 


3} 


SJ 


a 


■ 




Length of ditto for ditto ..... 


& 




H 


6 


S 


ftl 


a 


■ 




Diameter of boss for wheels .... 


4 




5 


e 


5 


gl 


§ 


■ 




I.«ngth of boss for ditto - . . - - 


6 




7 


8 


7 


8 


■ 




Diameter of axle for trailing wheels 


3 




4 


4 


4 


61 X 41 


■ 




Ditto of bearing* ..... 


3, 




3| 


3| 


3) 


S| 


■ 




Length of beanufs ..... 


5 




H 


5 


6 
& 


«1 


■ 




Diameter of boss for wheels .... 


4 




^ 


5 


n 




Length of boss ...... 


6 




7 


8 


t 


8 






Diameter of boss on axle for oatside cranks 


Konc 


None 


4i 1 


• •t 


None 


M 1 



* 



Length of boM on axle for outside cranki 
Len^ of oatside cranks from centre to centre - 
Diameter of plain pin on ditto - • . . 

Lengtli of plain pin - - . . . 

Diameter of ball pin - 

Outside frame (extreme breadth) ... 

Length of ditto -,.... 
DejM^ of frame sides . . . . . 

ThiekDeas of ditto ..... 

Thickness of side plates ..... 
Ditto of horn plates . . - . _ 

Length of driving-wheel springs ... 

Breadth of ditto ...... 

Nomber of plates ..... 

Length of leading wheel springs . . . 

Breadth of ditto ...... 

Niunber of plates ..... 

Length of trailing-wheel springs ... 

BKalih of ditto ...... 

Number of plates ..... 

Diameter of eccentrics ..... 
Throw of ditto ---..- 
Breadth of ditto (brasa hoops) .... 
Diameter of vuItc gear shafts - . . - 

Diameter of journals to ditto . . . . 

Length of journal ..... 

Length of slide levers ..... 
Length of fork -end levers .... 

Diameter of fermles - - . - . 

Length of lifting levers ..... 
Length of reversing levers . - - - 

Diftance between motion bars . . . - 

Diameter of ball on cross-head spindle ... 
Kameter of connecting rods in middle • - . 

luide horn bars ....-• 
Diiiance from centre of crank axle to fire-box - 
Disiaace fttniD centre of crank axle to centre of leading 

axle ...... , 

Dinance from centre of crank axle to centre of trailing 

«il« ------ . 



Bdglna. 


Itela, 


North HldTwd 
Caumte*. 


Northern and 
Sutem CouDtle*. 


Crmt WMtera. 


Hartlepool. 


(t. lo. 


ft. 




la. 


R. tn. 
3i 


ft. ia. 


It. la. 


ft. 


In. 

H 


None 


None 


1 1 


•.. 


None 


I 


1 


..• 




X. 




1 


... 


... 




I 


•.. 








S 


••• 


None 




a 


... 




,, 




2tt 


... 


... 




2| 


6 4 


6 




4 


6 S 


6 8| 


8 9i 


€ 


3J 


18 3 


18 




^ 


16 3 


18 si 


20 4 


18 


3 


7 






7 


n 


n 


8 




n 


4 






4 


4 


4 


*l 




4 


3 






Si 


0| 
Oj 


OJ 
0| 


0| 

01 




0| 


S 8 








2 9 


2 9 


2 6 






32 








3J 


3j 


31 






■ 2 at > 
!2 at J 








latOj 


1 ato} 


Satoi 

lOatoX 












]aatoj^ 


U at o|j 






Ellip. 2 2 








S 9 


Ellip. 2 


a 3 






a 








4 


3 


3i 






1 11 at of 








1 atOj 


1 atOj 


2 BtOj 












14at0^ 


11 BtOA 


10 at Off 






Ellip. 2 2 








Emp.3 


Ellip. 2 


2 3 






a 








3 


3 


31 






■ 2 at 0^ 








1 atO} 


1 atOj 


aatO| 






8 at 








,6 at OA 


G at &A 


8 at ti^ 






10} and 12 






loj 


I 1* 


1 l' 


1 li 


12i 


xii2 


1 






1 


Mi 


l.'l 


1] 




iVi 


1 






1 


n 


n 


Iron 1} 




H 


n 






n 


n 


H 


n 




n 


1 






1 


^ 


M 


2 




n 


^ 






2 


n 


n 


Si 




H 


5 






5 


6 


6 


4 




6 


H 


9 and 


*h 


6 


6 


Si 




6 


11 






IJ 


11 


12 


n 




a 


10 


1 







1 


1 


1 3 


1 





ia and 10 


1 







12 and 10 


12 and 10 


1 3 


1 





H 






n 


7 


7| 


I oi 






3 






s 


SI 


3i 
2i 


3J 

2f 




3i 
2J 


4 X I 


3f 


X 


H 


3i X Ij 


3i X IJ 


4.1 K IJ 


31 


X li 


1 G 


1 




6 


1 6 


i 6 


V ^i 


1 


3 


5 a 


S 




2 


5 6 


5 7 


6 7 


5 


lOJ 


6 6 


s 




Ji_ 


5 9 


5 n 


6 7 


None 



la the constniction of the boilers for these engines, the cylindrical parts 
o(escb are fixed to the sinokc and fire-boxesi hy 2| inch angle irona round 
Ik* upper, and 3 inch angle irons round the lower half of the boiler, firmly 
fititttl with J of an inch rivets. The tops of the outside fire-boxes of the 
ogiaes for the North Midland, Northern and Eastern Counties, and the 
WtM Western Rulways, are worked into a dome-shaped fipure, by which 
i ■ttaatke advantage is obtained of placing the regulator, with its appen- 
UgH, inunediatcly over the inside fire-box. The man-hole, being also 
ffandin this dome, admits of a free access to the interior of the boiler. 

The uiitHide fire-boxes for the engines of the Belgium railways, having 
"'temicirculor tops, the steam domes are fixed on the cylindrical port of 
Ike bnilcr, and the regulators fixed to the tube-plate rif the smoke-box. 
TIk uwide fire-boxes are fnnned of copper plfttea of the dimensions shown ; 
^ portioa of the tube-plate, necessary for the insertion of the tubes, 
Hiof increased in thickness in order to increase its slsbllity, as well as to 
"■ill in the more perfect securing of the tubes^ The opening, in the fn>nt 
file for the smoke-box doors, is, in all respects, sufficiently large to admit 
•f free working room, for the removal and reinstatement of the copper 
ttheiofthe biiiier, as occasion may require. 

In the inside lire-boxea of the engines for the Great Western Railway, 

■fe ire low hollow partitions, forming a clear water-space of four inches 

*OWB the box ; in the sides of this box, to which the partition is rivetted, 

>|Knares, eight, by four inches, are cut so as to allow of the free escape of 

I from this division. The cylinders in the whole of tlic engines here 

are fixed in (he lower part of the cavity of the smoke-box, 

I flnnlj bolted to the frx^nt and hack plate.i, these plates being cut lo re- 

tbe same. The pipes from the edmction ports (excepting in the 

I for the Great Western Railway) are cast on the body of the cylin- 

,sad extending across toward.s the middle, and unttiug with its corre- 

" iig pipe, i» strongly bolted thereto ; on the upper surfaces of these 

fiancbes are cast with an horizontal plane, upon which the bla.4t 

> are fixed. The blast pipe of copper, of a conical or pynimidal shape, 

aed with flanches at the bottom, is placed immediately over Che junction 

of the pipes from the eduction ports, and firmly bolted thereto. 

The pumps are fixed either directly or indirectly to the outer bars of the 
made framework, as the shape and position of the parts may require : the 
nms of ihe engines for ihtf Great Western Railway are worked imme- 



diately from the spindle of the cross-head; those of the North Midland and 
the Belgium engines, by an arm or lever attached to the piston-rod. The 
whole of the valve-gear, as well as the carriages for the cross-head guide- 
bars, are supported in their positiun by strong iron framework, technically 
called horn bars. These bars extend from the back plate of the smoke-box 
to the front plate of the outside fire-box, and are bolted to lugs fixed thereon 
to receive the ends of the bars. These bars also serve the purpose of stay- 
ing (he crank axle by means of horns, which are worked on the bars, and 
in which the hearings are fixed. The inner horn bars of the engines for 
the North Midland, the Belgium, and the North Eastern Railways, extend 
in a parallel direction, from the smoke-box to the extreme length of the 
guide-bars j and from thence obliquely in a V-shnpied form, uniting with 
ench other, and forming, with the two outside horn bars, a third stay to 
the crank axle. 

The construction of the valve-gear of the engine for the Bordeaux and 
La Teste Railway, differs widely in its details from the rest of the engines 
here noted. The eccentric bosses are placed close to each other, in the 
middle of the driving-wheel axle, the end of each eccentric rod being fur- 
nished with a pin on which the ferrules ore placed, instead of forked ends, 
as have been hitherto generally adopted. On the shaft which gives motion 
to the valve lever is fixed a double lever, with forked ends ; ia the hollow 
of each fork a socket is formed for the reception of the pin and ferrule on 
the end of the eccentric rod ; and of such depth sa to allow the lever to 
have a throw, variable from 4^^ to 5 inches. Each of these fork-ended 
levers are placed in a vertical position with each other, but acting in opposite 
directions upon the inner end of the valve shaft. The eccentric rod end* 
are connected with a lever on the reversing shaft, by lifting and lowering 
links, which not only admit of the eccentrics being thrown in or out of 
gear, but also allow of a greater or lesji degree of travel tr> the slide-valve, 
by increasing or diminishing the throw of the fork-ended lever. The pecu- 
liar advantage of the plan thus adopted is obvious from the economy in the 
saving of steam, the travel of the slide being regulated so us To iidniit of 
no more steam into the cylinder than what is necessary to propel the engine 
at the velocity required. The link motion, latterly introduced by Mr. 
Stephenson, has, to a great extent, superseded the fork-ended levers, and n 
is a greatly preferable arrangemcDt. The link motion is represented at 
page 238. 
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CHAPTER V. 



MECHANICAL POWER OF STEAM. 



Hating coniidered, tx contlderable length, the general properties of stewn, 
the connection suhointing between its temperature and its elastic ftjroe, and 
also the different means of generating steam, we may now proceed to oon- 
aider its mechanical effect, or the power of steam to accompliKh a nseful 
purpose. The mechanical effect of steam is broaght into actioQ in three 
different ways, which we may call Generation, Coodenution, and Expan- 
sion. The whole of these forces are broaght into operation in an ordinary 
ooodenaing steam engine of modem construction -, nevertheless it may be 
•scfhl to consider the effect of each separately. A popular exposition will 
■oiBoe to illnatratc our views upon this iut^ect. 



a 



Let A B, y^. 1 73. , be a tube or cylinder, and let as snppose that the area of 
the baac is ooe si^uare inch. Let it be supposed, also, that a piston P moves 
in the cylinder to as to be steam tight, and that there is a cubic inch of 
water between the bottom of the ajmidcr and the bottom of the piston, so 
thai the distance of the piston from tha bottom is one inch ; and further, 
that the weight of the piston is counterbalanced by a weight W acting over 
the pullev, so that there is DO (brce acting apon the piston, except the 
winght of the sn|>erincumbent air. Under these rircnmstaoces, the piston, 
being ia contact with the water, and consequently all air excluded, it will 
be pfuiiil down by the weight of the atmosphere. If ire suppose that the 
Man* of the atmosphere is eonstaat, and equal to 15 lbs. on the square 
nek, ikao the only pressure on the piston is IS lbs. ; for its area is, by 
hyyalbaail, ont *<|uare inch. I.et the (lame of a huup or other burning 
mMttBe* ba IMw applied to the bottom of the cylinder. The temperature 
of the water will gradually arise, till it has attained a temperature a little 
above iV2" Fahrenheit ; and then it will begin to boil, since, by supposition, 
it is only snt^ected to a prcesore of l.S lbs per square inch. The steam will 
gradually fbccs op the piston until the wster has ail evaporated. Now, 
as ha* been mcDiinned in a former part of this work, a cubic inch of water 
protliim nhriiit 17iN) cubic inchrs uf steam at a t*-ni|>erature of S19 ; if, 
therefore, the tube were constructed of soffcienl length, the piston would 
rue to shoal 1700 inches above the base of the cylinrder. In so doing, it 
most obviously have raised 13 Iba. to a height of 1700 inches, or US feet 



This represents the mechanical force of the steam generated fraa sat 
cubic inch of water at temperature 212°. 

It is evident that 1 5 Iba. raised 1 42 feet, is equivalent to 1 tb. nmi 
Hi X 15 feet, or 2130 feet high, or to 142 « 15-'2t.-tO Iba. niaedoocfeM 
high. Now, one ton is equal to 2240 lbs., which differs bvm 9)M 
only by 1 to ; s(» that we may say in round numbers, that the cvapontica 
of one cubic inch of water, under the circumstances we have sappanA 
generate* n force which would raise one ton a foot high. Tha i 
of volume which any quantity of water undergoes in paana(_ 
under the premure which we have supposed, may easiljr be i 
from the accidental circumstance that water expands to abooi l7tS ar 1^ 
times its bulk in patMng into steam — as if each of the particlaa of siwa 
were 12 times more distant from the adjoining particle thaa bapfaai ia 
water. The facts here generally stated may be readily retaiaed ia it 
memory under the following forms : — > 

1. A cubic inch of water, evaporated tuder tiie ocdiaoyi 
pressure, is converted into about a cubic foot of iteaB. 

2. A cubic inch of water, evaporated under the atmf ia|»h ef i e 
gives a mechanical force equal to what would raise about a ton weight i 
foot high. 

We now proceed to determine the efficacy of the steam geiwrated tnm t 
certain quantity of water, under a pressure different fWna that of the at- 
mosphere. Let ns suppose the piston P to be restored again to its engmi 
position, with the water below it ; and, in addition to the WMfht of Ikt 
atmosphere which before pressed it down, let us snppoae aaother vtigkt d 
1 5 lbs. placed upon it, so tlut the water is now pressed by a force of 90 IW 
If fire were now to be applied to the cylinder, the temperature of the vaw 
would gradually rise till the boiling commenced. It is well known thai ik* 
temperature would be higher in this case than the previous one. The heiV 
ing point for the ordiaary atmospheric pressure is 212°, bu (at tvaan^ 
spheres it is shown by experiment to be about 250°. Whea tlse taapttaMi 
of the water had risen to 25u°, the piston would then begiD to aaend, al 
the water to be graduallp: converted into steam. AAer the water haa «sa> 
pleteiy evaporated, it will be found that the piston stands aboat 7S W 
above the base of the cylinder, or a little more than half its height in ths 
previous esse. Taking it for the present, as granted, that it is eractiyca* 
half the former height, then it is obvious that the meehaaieal eft«t tf 
the steam is the same as formerly, since it is equivalent to donhfe Ac 
former weight raised one half the former height 

Again, suppoae the piston to be restored to its original poattion ; aai 
suppose it to be loaded with .30 lbs : so that the irater is snl^ected t« the 
pressure of three atmospheres. Then applying the heat as formerly. < 
would be found that when the water has wholly evaporated, the pisisa 
would stand a little more than 47 feet high. So that in this caae tfea 
mechanical effect is very nearly the same, since a triple weight is aaly 
raised one third the height. 

Ill general, as the pressure on the piston is increased, the kd^ to whiek 
the piston would be raised by the evaporation of the water will ha 
diminished, and that very nearly in the eame proponioo. m> that at vhi^ 
ever temperature steam is generated, an equal bulk of water pecidw^B vtfT 
nearly an equal amount of mechanical force. In the lint caae, bowrver. % 
u to be remarked, the pressure of the atmosphere has only been artreima. 
and thereforv the piston with such a pressure could excft no cflaeuae 
power. The loss from this source becomes less as the prcaora is iarfMsad, 
and in locomotive engines the loss from the atmospherio preaauf* ia link 
more than that arising from the rare vapour in condensing enginca 

In the preceding remarks we have mentioned that the height to which Ar 
piston is raised, is not exactly inversely proportional to the preanre, laasiaf 
out of the account the loss arising fhim the presence of the ttmmf^km% 
The difference arises from the difference in thie temperatures at the eaa« 
mencement of the formation of steam. If the temperature at which thv 
water is converted into steam, under the different preasures whieh wa kata 
supposed, continued cotuiaui, then the height to which the pialoa wonkl la 
raised by the evaporation of the water would be dimiiuahad ia ftrtkmtf 
the same proportion as the pressure on the piston is increased, la Iktf 
caae the mechanical effect of a determinate quantity of walar woali i 
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exactly the tame under whatever pressure the iratvr might b« boiled, aup- 
posing thai there were a vacuum above the piston. Uut since the water 
boib at different temperatures, the niechunieal effort of a given volume of 
Bteom varies — dightJy increasing wiih the pressure. It would appear 
from this that the ino«t advantageous development of the power of steam 
ia obtained by using steam with a great elasticity; and this, t>o far as it goes, 
would seem to say that the most economical application of steam obtains in 
a high- pressure engine. It may easily be shown, however, that the su- 
periority from this cause i.^yery small indeed Thus applying the received 
laws, it is found by a simple calculation that the temperatures being 
aacc^iaivelj 



S\7° 

■424° 
2112°^ 



Theory indicates tha.t the 
-mechanical effect would be- 
proportional to the number. 



100 
1-36 

2-43 
6-06 



So that the maximum effect of a determinate quantity of heat or com- 
buatible. emjiluyed in generating steam at 424*^ or \!> atmospheres of 
pre.ssure, is ah<iut one-third more than the maximum effect corn-spunding 
to the case in which steam is generated at 211", or at one atmosphere of 
pnemure. To obtain the double of this latter effect the steam must be 
genenited at a higher temperature than G'M-, that is to Kay, under a greater 
prcMure than 85 atmosphcrea. Hence we may conclude t'roni these ruiiults, 
that there can be very little advantage in ropect of economy of fuel in 
generating steam at very high pre.<ii<ures. We shall explain alterwat-ds the 
law according to which the variation of temperature in the water and steam 
modifies the mechanical effect In the nieantitne, however, as the effect is 
very nearly constant, e.<ipcciBLIy within the limits of pmcliee, it may be 
uaeful to remember the following important practical conclusion. 

" A cubic inch of water converted into steam will supply a mechanical 
force very nearly equal to a ton weight raised a foot high ; and this force 
will not be subject to considerable variation, whotever be the temperature 
or pressure at which the water may l>e evaporated, provided the steam 
doe» not act expansively, and that there is a vacuum above the piston." 

We have shown in page 42., formula (U), that the volume of steam 
generated from a unit of water, at temperature t and correspond iiig prea- 
aurey, ia, 

75-67 (i59 + () 

/ 
bvre r expreaaes the temperamre on Fahrenheit's scale, and /the elastic 
of steam corresponding to tempc-raluru t, as measured in inches of 
Hence, if P denote the whole prmure upon the water, ex- 
in Ibe^ that is to say, the load -t^ the atnoapheric pressure, then, 
tDeehaaical effect of a cubic foot of water converted into steam 
■tare t, we have P Iba. raised 75-6" (459 + t)-T/{ett high, or P » 
1 4- ()+/"'•• raiaed one foot high. Now a height of/ inches of 
ary produces a pressure of 70'75 x / lbs. on a square foot ; hence P = 
>7S </. The mechanical force of the steam generated fVom a cubic 
'ft>ot of water, at temperature t, is therefore represented by 

70-73 x/x 75*67 x (450 + t)-r-/lbs. 
Tsiaed one foot high. By a little reduction we iind, for the effect of a cubic 
fbot of steam generated under the supposed circumstances, 5334 (4;i9 -i- /)lbB. 
rsiied one foot high. This effect, we perceive, depends up<jti the tempera- 
tnre, aud increases with it; but the increase is but small, especially Mithiu 
the limits of the pressures used in practice. Thus we may find what tein- 
permtnre steam ought to be generated at in order to pnxluee doiibJe the 
■lecbsnical effect of steam, generated from the sante qiumtiiy of Maier. at 
tbe ordinary atmospheric pressure. It may be found, from the equation, 
(-»-43d~i (45U-I-2I2); 
or. (=459-*- 2 x2IS>4fi9 + 424-883°. 
I Tltia eorrefpoDda to an elastic force of about 1194 atioo(pherea.or 179101b«. 
^Kner s<|uare inch — a pressure very much exceeding any tiaed in practice. 
^Blt i*: ohvious, however, that this increased mechanical force ia, so far aa 
^Kt goca, to argument in favour of the superiority of those engines which 
^■tee neam of a high pressure ; but. if we consider that steam at an elevait d 
^1 'isapentore ia likely to loae more of its ela<itiicity from dispersion ilian 
■tCBD of a low pressure, and al.^o the increased dangers and ex|)enKe of 
Kigfa-preasare engioea, we may conclude that ihc advantage is in favuiir of 
tbe other system. We may remark that, in the above estimate of the 
■wcltinical effect of steam, we have neglected to consider the rcductinn 
•fiaiag from frictioo, waste, dispersion, and other cireumstonvts wbich iu 
ynettce modify the result. 

In illustrmting the mechanical power of steam aa brought into action by 
•Aodeiuatioo. we shall oae tbe same figure. Suppoae that when tbe steam 
nuaed the piston to 143 feet above the hose of tbe cylinder, it were 
Ideoly rcimlenKed, it is obvious that the piston would be impelk-d with a 
eqiukl to tbe pressure of the atmosphere on the piston, and through a 
ih! ' ■ 'hat throuKh which the piston had been raised by tbe geue- 

[ii. In descending it is obvious that the piston would raise 
it to it equal to that due to the atuiot>pheric pressure, and 
'■ exactly equal to the maximum height of the piston above 
yrmder. If a weight were placed upon the p'lstou in addition 
lie iitjuiwpberic pressure, then, as we said formerly, the piiton would nut 




feet. 



rise to such a height, and consequently upon condenration the weight would 
not be raised so high either ; but to compensate for the deficiency the weight 
raised would be greater, and that very nearly in the same proportion. 
Hence the mechanical power of the steam of a given quantity of water as 
developed by cottdensation continues very nearly constant whatever be the 
force at which it is generated, the difference being in favour of the greatest 
pressure. We see from this that the mechanical power of the steam of a 
given quantity of water is the same, whether it be developed by generation 
or by momentary condensation, and that it remains very nearly constant 
whatever be the temperature of the steam. 

In estimating the effect of condensation, we have suppoecd it to be 
momentary and complete. It ia well known, however, tliat in practice this 
can never be the case. If the steam be slowly condensed, aa it would be 
by applying external cold, with insufficient cooling snrftce, the effect 
would be much reduced ; because the moving force at any period of the 
stroke would be only the difference between the elastic force of the steam 
and the atmospheric pressure. This does not, however, cause a sensible 
deviation from the ratio of the power, it being proportional to the space tbe 
steam occupies. 

Before leaving this we may illustrate the method of developing the 
mechanical force of steam in the common high-presaure engine. Suppose, 
OS in the Inst ca.<ie, that a loaded piston has been raised, and that, insteiMl of 
the steam being condensed, that a valve baa been opened which allows it to 
escape ; theu obviously tbe power which would have resulted from the con- 
densatiotv will be lost This loss is measured by the pressure of the 
atmosphere acting through the height to which the piston was raised by 
the steam ; and, as the greater the elastic force of the steam the less the 
height to which the piston is raised by the same weight of steam, it it 
obvious ihnt the loss is smaller according as the temperature is greater. If. 
bowtrver, the valve aperture be too small, then the steam does not escape 
with the requiiiite rapidity, and a part of the loud is applied to force it out, 
which is ju«t so much of the effective force of the steam lost 

It is Well known that the condensation is never complete, and there- 
fore it may be necessary to estimate the resistance which the vapour offer*. 
Now the resistance of the imperfectly-condensed steam acts through the 
whole apoce which it occupies in its elastic state ; that is, as we have shown, 
through 

7567 ( 459 + ^ 

f 

Hence, if/, denote the elastic force of the vapour aa measmred in inches 
of tiK-nury. and tlnrelore 70-75/, as ineanured in lbs. per square foot, 
tbea tiie m'ecUiiuical effect of the uncoudeused vapour is represented by 

75-67 (459 -K) 

y. X /0-76/, 

lbs. raised one foot. This reduces to 

5354 (459 4-0/ , 

/ 
lbs. raised one foot, ncnce, neglecting the waste and friction of the pialOB, 
we have for the mechanical effect of one cubic foot of water, as developed 
by condensation, 

53.54 (459}. { ,_/.|, ^354 (459.0 (/-/.) 

lbs. raided one foot Before leaving this, we may also estimate the km 
resulting from triction of the piston. Let /, denote the friction of the 
piston, which friction w« suppose constant. It is ob^nous that this friction 
operates iu exactly the some manner as tbe uncondensed steam. Tbe 
mechanical low resulting from it will therefore be represented by 
53.14 (439 + />/, 

f~ 

lbs. raised one fbot. Hence tbe mechanical effect of a cnbic foot of wttcr. 
as developed by condensing tbe corresponding quantity of stctun, ia repre- 
sented by 

5354 (459 -K) f I - ■^' */^ \ = 5354 (449 -t i) ^~^l.~^ * 

lbs. raised one foot These forrauhc or equations have been determined on 
the supposition that exactly a cubic foot of water waa naed ; but we may 
obviously find tbe mechanicol effect of any quantity of water, by merely 
multiplymg by the number of cubic feet — We may now proceed to iUu*- 
trate the power of steam as developed by expansion. 

BXPANaiON. 

The mechanical effect of expansion is most readily determined by thr 
principles of the Integral Calculus, and we prefer a recoarse to that analysis 
on the present occasion. Steam, like ail other gases, follows the law of 
Mariotte. which may be stated in the following words: — "The vnlnme 
of a given quantity <>f gas U inversely proportional to the pressure to which 
it is subjected." Biforc this Uw can be applied rigoroosly to itcam, it is 
necessary to suppotie the temperature constant throughout tbe whole ex- 
pansion — a supposition which, though not strictly correct, is so neariy 
ime that we may rettson upon it without material error 

This law of .Mariotte. it will be observed, is virtually the same aa that 
iiated at page 13., viz. that tbe pressure of all elastic fluids varies invetsrly 
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space* they are made to occnpj. Thus, if a cubic foot of air or 
sieum of the atmospheric density b« compressed into the space of half a 
cubic foot, the pressure will be increased from 15 lbs. on the square inch 
to ao. It is easy, therefore, io an engine working exponsivelr, when the 
initial pressure of the steam is known, and the part of the stroke at which 
the steam iscntofl, to compute the terminal and all intennedial« pressun>«, 
and the total force thus exerted during a stroke may be found approxi- 
mately «ith sufficient nearness for practical purposes. Thus, if an engine 
works with steam of 25 lbs pressure above the atmo«pheri', the total pres- 
sure per square inch upon the piston at the commencement of the stroke 
\^ill be 25+ J5 = 40lbs., and if the steam be cut ofl" at one-fourth of the 
stroke the dense steam admitted from the boiler will, at the temiination of 
the stroke, have expanded into four times its original bulk, and its pressure 
will have bceu diminished to 10 llw. on each square inch of the pjslon, 
being 5 lbs, below the atmospheric pressure. The pressure •within the 
cylinder at half-stroke, when the siuam has expanded intotwice its original 
bulk, will be 2if ll»s on the square inch, and its pressure at any other point 
may be easily computed, as it will just vary inversely as the space occupied. 
The figure pivcn at page 12., shows the method 6f computing the pressure 
of the steam at the different stages of the stroke, the pressure of (he dense 
steam entering from the boiler being taken as unity. VVe shall, however, 
give another figure to illustrate our present observations. 

If a loaded piston be raised, by the couversion of a given quantity of 
water into steam, to the height corresponding to the load aud temperature, 
then, if a part of the load he removed, the steam will expand until it« elastic 
force balances the remaining load, together with the aimnsplieric pressure. 
It is obvious that the mechanical power, thus developed, is a complete gai n. 
Thus it may be shown that when the steam is of high elastic force, and 
the load is entirely removed so as to allow the steam to expand till iu 
elastic force balances the atmosphere, it* mechanical effect is doubled hy 
the arrangement. This is not, however, the most efficacious method of 
applying tlie principle of expansion. It jat,-j be developed with ifrcater 
advantage if, instead of renroving the weight at once, it be remove<l by 
degrees, allowing at each time the steam to expand till its elo-stic force 
balances the remaining load. We mu^t. however, dismissing these general 
considerations, now show the method of calculating the mechanical effect 
pained by this method of working steam engines, which is onu of the most 
important topics of which we have to treat. 

Fig. 174. 
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Suppose that when the piston is is the positwo EE,, fy. 174., (Ii 
is all converted into steatti. (Equilibrium will then be cjctablishcd. If now the 
load be gradually rtrmoved, the steam will gradually expand; and, as we 
s:ud bel'ure, all the additional weight thus raised is so much mechaoieil 
power gained. The claMicity of the steam continually diminishing accord* ^^ 
ing to the law of Mariotte, let (3 E, represent the volume In expanding/^f 
and E E, the elastic force at the commencement of the expansion, and OS^| 
the volume, and P M the elastic force, a(\er a part of the expansion : then, 
according to the law af Mariottc, we have 

08:0E, ::EE, :PM; 

or, 

OM:OE :: EE,:PM; 

and therefore, 

OM«PM = OExEE,. 
Putting 

OM=x, PM=^, and area OEi-a*. 
this eqaatioQ becomes 

T y = a*. 

Those cnnveniant with the theory of curves will perceive that this ii tbe 
eqiuation of Ibe equilateral hyperbola referred to its asymptotes. 

In order that the pititon should remain at rest in the position S ilL, 
it is necessary that the pressure upon the piston should equal the elastic 
for^e of tbe steam. If the load upon tbe piston be in tlie smallest degree 
below this, the piston will be forced up til! the increased ex{iansion has ao 
dtminlshed the elastic force ofthe steam as jtist to balance the dimiuii^hed load. ^_ 
Suppose, however, that the ec^uilibrium is established, and that the piston ^| 
remains at re.^t in the po-sition 8 M. Let so much of the weight at once be re« ^| 
moved as to allow the piston to move up to the position Q N. TTien it is ob- 
vious thuttlie mechanical effect gained by the generation of the steam otdy, 
has the same proportion to the mecbunical effect gained by this small degree 
of expansion, as the rectangle O E. has to the rectangle QN x M N. The 
mechanical effect gaini-d by rfiuoving at once the loud n»^e6sary to allow 
the piston to take the position Q X. is sronllcr than what would be gained 
by taking the load nff gradually. The loss proceeding from this cause will 
be less aa compared with the mechanical effect gained, in proportion aa 
N M is diminished, bo that, to use the lan^age of the Infinitesimal Calcalns^ 
if N M be infinitely small, then the low will be nothing at all. \Mien 
N M is infinitely small, then the rectangle Q N y N M is equal to the area 
Q N M P. Following out this reasoiiiog. we find that if we represent the 
mechanical effect gained by generation, by the area O E,, then the 
mechanical effect guint-d by the expansion from <) E to O S ia represented 
hy the urea E, P M E. It is shown by mathematical writers, that the area 
E, P M E is etjnal to the area (JE, multiplied by the hyperbolic loga- 
rithm of O M -f () E. Hence it ia not difficult to determine tbe effect of 
any given amount of expansion. 

In what precedes wc have endeavoured to illnstratc by a geometrical 
figure the amotmt of mechanical effect gained by expansion. We have 
chosen this method, because a sensible representation generally makes a 
more vivid and lasting impression than abstract reasoning. In order, 
however, that our readtrs may be made fully master of that which ic 
generally considered so great a puzzle to the tyro, we proceed to consider it 
in a snmewhat different light. 

Let b denote either the bulk of the steam or tbe height through whicli 
the piston has risen, EUppociiig the area of the base to be one square foot, 
before the expansive pressure is apjilied, and p tta force, or the load on the 
pi.ston, including the iitmospherJc pressure ; let x denote its volume after a 
certain amount of expansion, then we find the proper load or force 
the above-mentioned law, which gives us the analogy 

X : b :: p '. force aAer expansion to bulk i. 
Tbif gives us 

force after expansion to bulk i=J^ ~. 

X 

Now, suppose, in accordance with the spirit of the iaiinilesiraal calciilua, 
that the force conlinues constant through a very small expansion denoted 
by <J j; then the mechanical effect gained by this expansion will be repre- 
sented by t_ (i X. If we could sum these ftt)m x=A to j=x, we would 

X 

find the mechanical effect gained by (he corresponding expansion -, it ia thia 
summation which the integral calculus effects. Adopting the notation of 
the integral calculus we obtain, fur the mechanical effect of the expansion 
fh>m volume b to volume x, the expression 



if\cr a 
ftwL 



/,n h d X , , X 



In this expression log, denotes the logarithm of the quantity x-^ A ia^ 

the system whose base is« = 2-;iB2818 ; that is, the common hyperbolic loga- 1 
rithms, a table of which we have given at page 25. We may expres»l 
this result in a form more suited for practical application. Suppose the 
volume of steam before expansion to be to the volume aflcr expansion in 
the proportion of 1 to b ; in other words let x = ri b, then remembering ttuu^ 
ai we faiive shown previously, 

p 6 -=5354 (459 + 
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ve find for the mechuucal effect of the expansioo E {Kiusdfl raised one foot 

ki^h, where 

E=.5354 (459 + log. », 

We letrn from this that not only is mechaniual effect gained by using 
czpusion, but that there is nn limit to this gain, if steam be supposed 
to be infinitely expansible, other than the inconveniences arising from 
the too extensive application of the principle in practice. The abore 
Avmnla will be useful for determining the amount of mechanical effect 
gained by cutting off the steam nt different parts of the stroke. To fk- 
cilitate the application of this formula we shall just state the values of 
« when the steam is cut off at different parts of the stroke. If the steam 
b« cat off at \ stroke, then n = 2 ; if the steam be cut off at \ stroke, 

then HaS ; and generally, if steam be cat off at — stroke ; then « — a^ or 

more generally still, if the tteam be cut off at ^ stroke, then " = ^ ' 

The mechanical effect of a cubic fool of water converted into steam, and 
dten allotred to expand to a times its voliuue, is therefore represented by 

5354(459+0 (l + log. «} 
Rm. raised one foot high. 

la order to find how much the effect of the steam has been multiplied by 
tlie ose of the expansive principh;, it is only neceaary to divide this resale 

by the result when expansion is not a.sed I 53S4 x (459 + 1)]. The quotient 

b 1 -I- log. a. By using the table of hyperbolic logarithms, which we have 
giren at p&ge 25., we can very easily find the effect of the expaiiKion. To 
illttstnte the method, suppose it were required to find how inucli the effect 
«f the steam was multiplied by cutting it off at ] stroke. lu this case «=] — 
rs. The hyperbolic logarithm of this number is '3. Hence the effect of 
the steam is multiplied 1'3 timtni. As another example, suppose the steam 

mcntoff at ^^ stroke. In this case, Mai'^— 7*5. Thehyperbolic logarithm 

«rthii nomber is 2-015. Hence the effect of the steam is multiplied 3016 
bmet. 

We may now consider the results of the expansive principle when used 
in comhination with conden.nation. It is obvious that when the expansive 
lninciple is applied, that is, if the steam be to expand daring its action on 
dte piston, an increased lengrth of cylinder is nccesaary. The friction of 
lb« piiton, and the resistance of the uncondensed vapoar, therefore act 
tbroa;;h a greater spoce; a reduction of the gram effect will therefore 
iMlov from this canse-which, bo far aa we have gone, we have totally over- 
knulied. The total mechanical effect of a cubic foot of water converted into 
Km, osing expansion and condensation, and making allowance for waste 
fvfticlioo of the piston, &c., and for resistance of the uncoudenaed steam, 
^ b« represented by 

5354 (459 + f 1 + log. n-^tiI^Jj)\» 

Ibb niird one foot high. 

8bce the mechanical effect increases with the extent of expansion, and 
tk( mechanical loss resulting from the friction of the piston and the 
tcudnce of the imperfectly condensed steam also increase with the ex- 
putjon, it is obvious that there must be a certain expansion which gives 
tlkt iHiimnm effect This will be found by rendering (he preceding 

<«BJity a maximum, which obtains when log* a- " '^' '^^' is a maii- 

BsBL It may be shown by the ordinary rules for maxima and m i nim a 
thit tliit obtains when 

CoMfqnenily, inserting this value of «, we shall have for the maximum 
tSect of the steam generated from a cubic foot of water 

5334 (459 + X log. -r^ x w 

Iht rutfd one foot. 

Supposing that in well constructed engines there is a loss of -^ of the 
•team by the waste spaces and otherwise; then id= t — -^ = "O, and we have 
fir the maxinam mechanical effect of the steam of a cubic foot of water 
a the best constructed engines 

4819 (459+0 X log. -:-=!^ 

ibi. nuted one foot high. 

If we take the same proportion of waste, we find for the max i mum effect 
of Mean when not used expansively 

4819(459 + (l -'^^^*1 

iht. railed one foot high. Subtracting this from the former, we obtain for 
the maximum gain by expansion 

4819 (459 + ( log. -X-f, +-^li^ - 1 1 

IbB. raised one fool high. 

Tlic eouBlions show us the limits of steam power. It is not to be sap- 
poaed that to actual practice such results will be coouuonly obtaiued. The 



formulas show, however, that the mechanical effect of the steam of a givfn 
quantity of water increases as the tenijH'rature at which the sU'am is ge- 
nerated; and as the same quantity of fuel converts the same quantity of 
water into steam, whatever be the pressure, at least if tlie doctrine be con- 
ceded that the sum of the latent and sensible heats of common steam form 
nearly a constant qnaniily, it would seem that the most advantageou.<t use 
of steam is obtained by generating it at high temperature,^. It may be 
observed, however, thai within the limits of practice, the advantage gained 
by high pressure steam used without expansion is verj- small, so small 
indeed as not to compensate for the Increased dangers attendani U]>ou the 
use of steam of great elastic force. 

We may here give a table of some of the properties of steam, and of its 
mechanical effects at different pressures. This table may help to solve 
many problems respecting the mechanical effect of steam, usually requiring 
much lahorioos calculation. 
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It IS qaice clear that although there is no theoretical limit to the benefit 
derivable fnmi rxpanbion, there must be a limit in practice, arising from 
the friction incidental to the use of very large cylinders, the magnitude of 
the deduction due to uncondonsed vopour when the steam is of a very low 
pressure, and other circumstances which it is needless to relate. It is clear, 
1<X), that while the efficiency of the steam is increased by expansive action, 
the efficiency of the engine is diminished, unless the pressure of the steam 
or the speed of the piston be increased correspondingly ; and that an engine 
of any given size will not exert the same [xnver if made to operate expan- 
sively without any other alteration that would have been realised if the 
engine bod been worked with the foil pressure of the steam. In the Cornish 
engines, which work with steam of 40 Ihs on the inch, the steam is cut off 
at oDo twelfth of the stroke ; but if tlie steam were cut off at one twelfth 
of the stroke in engines emplnyinga very low pre&sure, it would probably be 
found that there would he a loss rather ihoo a gain from corryinjc; the expan- 
sion so far, as the benefit might be more than neutralised by the frietioa 
incidental to the use of so large a cylinder as would be necessary to accom- 
plish this expansion, and unless the vacuum were a very good one there 
wonid be but little difference between the pressure of the steam at the end 
of the stroke and the j)ressiire of the vapour in the condenser, mi that llie 
nrf^ing force might not at that point be sufficient In overcome the friction. 
In practice, therefore, in particular cases, expansion may be carried too far, 
though theoretically the auiuunl of the beuetit increases witli the amount 
of the expansion. 

The ]ireceding investigations, conpled with the remarks on the subject 
of cxpiuision given in pages 12 and 94., will probably make the question 
tolerably plain to most readers; but wtt must here introduce a simple prue- 
tical rule to enable those who may not be familiar wiib niulheinnlical 
symbols to determine the amount of benefit due to any particniar mciisure 
of expansion. Wbta expansion is performed by an expansion valve, it is 
an easy thing to ascertain at what point of the stroke the valve is shut by 
the cam, and where ex-pansion is performed by the slide val?e the amount 
of expansion is easily determinablo by the rules or tables given at pages 
69 and 90, wheu the lap and stroke of the valve are known. 

To find t}>e Increoi* of Efficiency arviingjrvm wnrhmg Steam expaiuively. 

Rdle. — Divide the total length of the glrohe btj the dixfancr (which call I) 
ihroufih lefttrh tlir jtixton nrtren hrfore the strum ia rut ajf, 7'fif .yrperian 
l(itfijrtl/im of the whole xtroht tj:prea.\cd in terms of the fjort of tJie stroke 
performed with the full pressurt of steam, reprettnU the ineiease of 
tjficincif due to exjMntioH, 
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Mechanical Power of Steam — as applied to produce Rotatory Motion, 



Examfie T. Suppose that the pressure of the ttaam working an eogiae 
is 45 Ibc on the square inch above the atmosphere, and that the steaiu ia 
cut off at one fourth of the stroke ; what is the increase of eAciency due to 
this measure of expansion ? 

[f one fourth be reckoned as I , then four fourths must be taken as 4, and 
by reference to page 25. the Neperion or hyperbolic logarithm of 4 will be 
found to be 1*386, which is the increase of efficiency. The total efficiency 
of the quantity of steam expended during a stroke, therefore, which with- 
out expansion would have been 1, becomes 2-38C when expanded into 4 
times its balk, or. in round numbers, 2-4, as staled nt page 12. 

Example II. Let the pressure of the steam be the same as in the last 
example, and let the steam be cut off at half-stroke : what, then, is the in- 
crease of efficiency } 

Here half the stroke Is to be reckoned as 1, and the whole stroke has 
therefore to be reckoned as 2. The hyperbolic logarithm of 2 is '603, 
which IS the increase of efficiency, and the total efficiency of the stroke is 
I-693, or 1-7 as stated at pa^ 12. 

We may here give a table to illustrate the mechanical effect of steam 
under varying circumstancea. The table shows the mechanical effect of 
the steam generated from a cubic inch of water. Onr formula give^ the 
effect of a cubic foot of water; but it can be modified to give the effect of 
the steam of a cubic inch by dividing by 1728. In this manner we find, 
for the mechanical effect of the steam of a cubic inch of water, abont 3 
(459 -t-f) lbs. raised one foot high. The table shows that the mechanical 
effect increases with the temperature. Tlie increase is verj* rapid for 
temperatures below 212''; but for temperatures above this the increase is 
less; and for the temperatures used in practice we may coiuider, without 
any material error, tht- mechanical effect as constant 
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Before leaving this part of our subject, it may be nscful to examia* iW 
mechanical effect of steam as employed to produce rotatory isotioe. Vt 
thiak it the more advisable to pursue this iovesligation. on aecoont o/ tbt 
iui«conception that has prevailed upon the subjecL in a gr«at tragocilfil 
the cas<-s in which Mcam is empk>yed. it is f'lr the purp of prodaa^i 
rotatory motion. In the coranion reciprocating engine the rotatory lOcbiB 
is produced hr the agency of the crank. Upon a cursory rxaminataoe if 
the principle of the crank, it would seem that it absorbs a great aiiKiut ^f 
the mechanical effect of the steam, a great port of the effect of the sittti 
being employed to produce a useless pressure. Engineers of Mime oeMnf 
have- fallen into this error, imagining that in this case the pmclunwy al^ 
sorbed power instead of merely trunsraitting it; and thna eo olW f t rtUl g tti> 
great principle upon which we may contdder mechanical tcienee U ftinMi^ 
vix. (hat machinery or solid mattL-r in general may obey ibree and Bofl^ 
it, but it can never either create or consume it Many cngitwerB, buwify 
who were perfectly aware of the generality of the law we hare inat»tIsBi£ 
and (lerceived that it subsisted in the case of the crank, have taaglM 
that a theoretical benefit would be gained if the rotatory motion wm fi» 
duced by the direct action of steam, instead of being ohtaiBcd bv tks j^ 
tcn-ention of so many moving parts for converting the rrctlltiial miM 
produced by steam into a rotatory one ; but it is not difficult to fiMV 4tf 
power is neiiber lost by the omnk nor by the direct action of the SIHBh 
a rotatory engine, and that though a good rotatory engine may he • 4^ 
sideratura for specific ajiplscations, yet that no theoretical gain or lam li 
attributable to its employment. Starting from the great law we have Mft* 
tioned of the inactivity of matter, we may conclude at once that, in thsHj; 
the power of the steam, as developed by that class of rotatory tt^att 
which use the revolving piston, is exactly the same as in tbe eman 
engine possessing the cyliuder, for the revolving piston in the raatny 
engine is merely a piece of matter, aod, as such, cannot absorb power Mf» 
th^o the piston in the common engine, on the supposition that the Urn In- 
sulting from friction is the same in both. We are surprised that TredMli 
has lost sight of this very simple and general principle, but we shall MN 
show that his conclusion that there is always a loss of power in the ivlilllj 
engine, extending in some cases to the amount of \ the power, is fallaciooi 

Let fig. 175. represent a part of the cylinder used in that dasfe ot nutaj. 
engines which use revolving pLstouh Suppose, for the sake of ' 

Fig. 175. 
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that the area at A B is one square toot, and that A B D C oootaiaa * 
cubic fiiot of water. Suppose, ahio, that D C is loaded with a weight wte^ 
that together with the atmospheric pressure, tbe force upon DC will ^^ 
70-75/ lbs. Let the wster now be heated, it will begin to boil w h e at sst ** 
attains a temperature ( corresponding to J'; and as we haTr ahova N^' 
merir. the volume will be 75-67 (459 -t- r)-^/ cubic fert. Let A B P B T^^ 
present the volume it now occupies. The content of this volume is A B ^^ 
Qg. Hence G<;-75-67 (459 + 0-r/lineal feet ; the mechanical power S^ 
the steam as developed in this cylinder is therefore repreaenied by 70?^^ 
raised 75-67 (459 + r}-r/ lineal feet ; or 5354 (459 4 I) Iba. raised one tootle 
exactly the same power as in the common cylinder. In (act, rotatory e f ia s ^ 
with revolving pistons are, theoretically speaking, as well calcnlatcd to i 
stract the mechanical force of the steam as the eomno 
engines; and would he likely to furnish a suoeeMAil MmptlitiMi 
not for the great increase of friction. This hat hitherto ofunfMI M ft 
barrier to their application, and is likely still to do so in tbe oaae of MHIhI 
engines. The common reciprocating engine possescca great mMtteriqr 
over iu competitor in simplicity of parts, in facility of cnnsinictioB, p*v> 
cision aod uniformity of action, and durability and econosny ia use t tad 
thisaaperioriiy is not counterbalanced by any real advantage ia the 
MgiM If hitherto contrived. Mocb talent haa been waned ia 
attempts to remove the great disadvantages under which the 
gine labours ; and, although the funiiation of a good rotatoty « 
no doubt be a desideratum, we have no exjtectatifm soch aa cn 
found that will operate on a statical principle with iBfewi. 
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ta the whole of ihe preceding remarks it is to be borne in mind that a 
dednction is to be made in the caw of high pressure engines, for the pres- 
sure of the atmosphere ; and the doctrine that about the same mechanical 
power is exerted by the same weight of steam operating without expansion, 
or with the »(»>ne degree of expansion, is only true when the pressure 
of the atu)0»{ . re is subtracted, as in the case of a condensing engine, 
■ind where the ftiction is left out of the accounL Engines may be 
divided into two great classes or genera, depending on the circumstance 
of condensation being used or not. Engines in nhich condensation 
IS used, are termed condensing engines ; while engines in which 
condensation is not used are called non^condensing engines. These two 
""'■■«• are sometimes respectively called low pressure engines, and high 
prennre engines. In the ordinarj- engine, constructed on Watt's principle, 
the safety Tmlve ii seldom loaded with more than 5 lbs. on the sqaare 
inch. For this reason a condensing engine is often (emied a low pressure 
'Cngine ; while, if the condensing apparatus be dispensed with, the piston 
wrill always be resisted by a force equal to the atmospheric pressure, and 
the only part of the steam pressure which will be availaW* as a moving 

Stwer, is that part by which it exceeds the pressure of the atmosphere. 
ence, in engines which do not work by condensation, steani of u nmch 
higher pressure than that of the mranspherc is necessary ; and for this 
Teason non-condenaing engines are called high pressure engines. The 
terms high pressure engines, and luw pressure engines may be very much 
objected to, as calculated to miittead ; for, although in general the stt^am 
lucd is a Don-condensing engine has a greater elastic force than the steara 
nicd in a condensing engine, it is by no means necessary that the steam 
used in condensing engine should be at a low pressure. Nor indeed is it 
*lwsy« so. Id the conrlcnsing engines constructed on the principle of 
"Wslt, the steam is soroptimes generated at a pressure 5 lbs. per square inch 

r niter than the utniospheric pressure, and in Woolf 's engines the sleani 
produced under a pres.^nre of 40 lbs. on the square inch, although still it 
is condensed. Most of the efficacy of the Cornish engines is traceable to 
the use of high pressure steam used expansively ; and in practice the 
use of steam of a considerable pressure is expedient, as it enables the 
•tesm to work very expansively without involving the use of engines of 
^reat cost and inconvenient diinensir>ns, which, moreover, would lose power 
in friction, and by the resistance due to the uncondensed \'apour. 

Of all the expedients for economising fuel in steam engines, expansion is 
that which has been attended with most success ; yet various other resources 
hate been tried in the application of the steam, or in the sub-itilution for 
fteam of some other elastic fluid. We have already given at page 93 an in- 
»t^igaiion of the effect of surcharging steuin with heut, by which it appears 
ihst there u a slight economy attainable thereby. The boiling point of 
kicohol and Tsrious other liijuids being lower than that of water, many 
penons have supposed that a material economy would be realized by the 
OS* of their vapours in vcorking an engine, especially as many of them were 
found to be evaporated with a less expenditure uf heat. But it appears that 
there is no real economy arising from the use of those liquids, as the volumes 
of Ibeir respective vapours are less in the proportion of the sniallness of the 
•oiiply of foel requisite for their evaporation. This boiling point of water 
'"ing 212^, the boiling point of alcohol is 173°, of sulphitret of carbon 116°, 
aad of salphiiric ether IU4^ 5 but whereas the volume of the vapour of sul- 
phuric ether at the boiling point is only 220 times greater than tiie volume 
of the liquid from which it was generated, of sulpburet of carbon 440 times, 
kad of alcohol 476 times, the btilk of steam is IT28 times greater than that 
of the water out of which it was formed, ajid the larger volume fully com- 
penwt« for the larger quantity of fuel requisite for its evajxinition. Sir 
'luniphrey I>avy, many years ago, auticipnted from the use of liquid car- 
•>o«ic acjil, and other liquefied gajres, an important economy at' fuel ; but 
Ihiin^h the vapours of those liquids exert a great pressure, with a slight 
addition to the temperature, they operate only through a small space, and 

R^ fire were to be applied to iliem there would probably be no eco- 
1^. But on economy muy be realised by heating thofe gases by the 
■e water or the condensing steaia. 

Oh ihf relation between the length of the stroke and the diameter of 

the cylinder. 

Ailong as the steam is in the cylinder producing the required power, 
iillauDg to mach of Its temperature, and, eonsequcntly, its elastic force, 
kyjiipenion. The loss proceeding Irnm this cause will obviously increase 
•hklhe snrface of the cylinder, which is exposed to the external air. 
Htntf, the best proportious for avoiding this loss may be found by solring 
U* problem — " lle<iuired the cylinder which, having a given capacity, has, 
■ the same lime, the least surface." Tredgold considering that the con- 
Wt lurfiu^e is only brought gradually into contact with the steam, and 
ibAcfore, as may l>e shown, pnxtucing only the same effect as half (he same 
■iftee eofltinnally in contact, finds the best proportion by solving the pro- 
Wnn— "Required the cylinder of a given capacity, such that the areas of 
ia rwo ends, to)i»-ther with oot half the surface of its sides, iniiy be u mini- 
BoaL" The proportion given by the solution of this probh-m is the length 
rf ibe stroke to be e<}ual to twice the diameter of the cylinder. Hence, 
aro>rdiiig to Tredgold, the cylinder ought, where it is possible, to have this 
ymportion. It is plain, however, that although the steam is not always is 
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contact with the surface, still a continosl loss it incurred from dispersion, 
inasmuch as the cylinder should be as hot as the steam. The proportioti 
may therefore be found by solving the first problem. This problem rosy 
be solved by the ordinary rules for maxima rud minima, as follows : — 

Let length of stroke =/ 

Diameter of cylinder m*d 

Constant capacity of cylinder —a* 

Then, to be made a minimuiu, u = 3 x (area of one of the ends) 4> conoave 
siuface, or 

ii=J » of + » «/ /, 

And the quantities d and 4 are connected by the equation 

w d*l»ia': 
Hence, to be rendered a minimum, we have 

u^\wd' + *"*, 
d 

This, by differentiation, and putting d.u-rd.dao, may he shown to be a 
miniiinim wlien w (/'=4a'. Comparing tliis with a previous equation, we 
leani that the best prop<^irlioii for tlie cylinder is when /=</, that is to say, 
when the length is equal to the diameter- It ought to be remembered that 
this result is derived only from one consideration, vix, the least loss by 
dispersion. In particular cases, other considerations mtist be introduced ; 
but, US far as the loss of heat by radiation from the cylinder is concerned, 
the best proiwrtion for on engine is to make the stroke equal to the 
diameter. In our solution we have omitted the considenition that the force 
of the piston is proportional to the square of t!»e diameter, but the friction 
of the piston is proportional to the diameter only. The difference result- 
ing from this omission, however, is so very sniali, in ordinary proportions, 
that it would very little affect the answer, and may safely be neglected. 
We may state that the difference, so for as it goes, indicates that the 
diameter of the cylinder ought to be a little greater than one half the 
length. 

THEORT or TH£ CSANK. 

In our examination of the mechanical effect of steam, as emploved to 
produce rotatory motion in that class of rotatory engines whose character- 
istic is u revolving piston, we showed, in opposition to the conclusion of 
Tredgold, that, theoretically speaking, this sjiecies of engine is capable of 
developing the full mechanical effect of the steam. If we consider the 
rotatory engine with revolving piston apart from the practical objections 
against its application, it is a perfect engine, and is capable of giving 
out all Ihe effect of the steam. An impression has, however, widely pre- 
vailed that this is not the case with the common reciprocating engine 
with its connecting rod and crank. Several scientific writers on the steam 
engine have |K>inted out the error of this conviction- — so that all the 
better-informeid class of engineers are well aware that the cmnk, like all 
other pieces of machinery, ftilly trnnsniits the power which is communi- 
cated to it. There are others, however, who cannot understand this : 
They cannot set out from the great fundamental principle of virtual 
velocities, and satisfy thems<']ves with asserting the truth as a simpk- 
and inevitable deduction from it. They are continually asking the question, 
" How is it that, in the common crank, we are able to show that, at twn 
given point* in its revolution, the position is such that an infinite power 
would produce BO effect at all ; that there are only two positions in 
which tlie force and effect are equal ; and that, at every oilier position, 
the effective pressure given out by the counecting rod to the crank is less 
than the original pressure of the steaiu on the piston — the remainder of the 

pressure of the stetun producing only a useless pressure on the cranks 

how then can the crank be conceived to transmit the whole mechanical 
effect of the steam ?" In the present remarks we intend to give an 
answer to this question. We intend to examine, at considerable length, 
the aclinn of the crank, and to show that the great fact upon which the 
whole science of mechanic* has rested ever since the time of Galileo, still 
ohiains in all its genemJity in this particular case. For the purpose of 
clearly etuctdatiug the subject we iuteud to consider it at first in a very 
simple and practical manner, and then to examine it in a more theoretical 
point of view. 

Before proceeding farther it is necessary to have a clear conception t>f 
th« meaning of the term " power." It is obvious that it must be different froiri 
the term " force" or " pressure ;" for, if its meaning were the same, it would 
be absurd to say that the crank always transmits the whole " power," since 
in some positions it does not transmit any of the pressure of the steam at 
all. The term '• power," as generally used by writers on the steam engine, 
means the nieclmnical power of the steam, or its mechanical effect, hi 

estimating the mechanical effect we have to consider two things, 1st, the 

loud or force raised, and 2d, the distance tbrt^igh which it is raised ; and 
the mechanical effects are cou»idered to be equal when the product of these 
two are eqtinL For example, suppose two different niacbiues constructed in 
such a manner that in the one 1 lb. of steam is made lo raise lo tons 
through H feet, and that in the other 1 lb. of steam is made to raise 
I a tons through 6 feet ; we say that the mechanical effect of the steam is 
the same in these two machines, because 10 « U»15 x6. This principle 
may be expressed in the form of u rule : — "Mechanical effects arc equal 
when the weights raised are inversely proportional to the distances thr«ugb 
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which they ire railed." This Uw ii ueAil for comparing the mechanicul 
effecta of different machines: our purpoce, at present, howeviT, It to com- 
pare the mech&oicat effects of different parts of the nme machine. It will 
not be difficult so to modify this law as to suit our purposes. When it is 
differeot luochines that we are comparing, the lime for developing the 
iu#chanic4U effects may be different, but in the same machine the time 
mOKt necessarily be the same. From this equality of time we infer that 
the spaces through which the load is moved are directly proportional to tbe 
nniibrro velocity wiih which they are described. Hence the law may be 
espresaed as follows: — "The mechanical cfTicts of the different parts of 
the same machine are equal when ihe weighti* or pressures raised are 
Inversely proportional to ibe velocities with which they are raised." The 
product of a weight or pressure into its velocity is called the " momentum 
of the weight or pressure." After this definition our rule may be ex- 
pressed as follows :— " Mechanical effects of the different parts of the some 
maohlne are equal when the momenta are equal." Adopting the principle 
that the momentum measures the mechanical effect, or, as it is usually 
called, the power, it is a recognised principle, proved by all writers on 
mechanics, that however complicated machinery may be, still, making 
allowance for the resistances arising from friction, the mechanical effect 
remains the same. Oar intention at present is only to show that it ubtaina 
in the particuhir rase of the crank. 'I*he crank-pin moves through a 
fireater space than the piston; and when the piston is moving very slowly, 
the crank-pin is moving very quickly, so that the ultimuie effect is the 
same at every moment. By multiplying the pressure into the velocity, 
it will be found that the same qoantily of steam produces the same amonai 
of power at every part of the stroke. 

Suppose the velocity of the piston to be uniform, then the motion of 
the extremity of the connecting rod will be uniform also. The extremity 
of the crank always moves irregularly ; but as it moves over a greater 
space than the extremity of the connecting rod, its mean velocity must be 
greater. The proportion is obviously as follows ; — 

Velocity of piston ; mean velocity of extremity of crank :: twice the 
length of stroke ; circumference which the extremity of the crank de- 
scribes. 

I^ / denote the length of stroke, and w the ratio of the circumference of 
a circle to its diameter ; then we have the proportion 

Velocity of piston : mean velocity of extremity of crank : : 2 i : ir / : : 2 
: », and therefore mean velocity of extremity of crank = » k velocity of 
piston -r 2. Since the mean velocity of the crank is greater than that of the 
piston, then, according to our law, in order to produce the same mechanical 
effect, the mran effective pressure must be leu, and that in the same pro- 
portion. We may approximate to the mean effective pressure by calcu- 
lating it for a great many cqui-distant positions, and taking the average. 
Tbns let fig. 176. represent the circle which the extremity of the crank 
datcribes. Divide it into 30 equal parts. iSupiiose the connecting rod to 
remain alway* in a parallel direction, and the constant pressure in it to be 
100. The effective pressure at any point F will be lUU sin. FOE. From 
thia we have the following table : — 



PglliU In tl>« Fisure. 


IVeuur* In Oirertign of Retpfanlaa. 


At aad at 30 


I0<1 * sin. QP m. OUO 


1 19 


100 X sin. I8«> - 30-90 


S 18 


100 • sb. 3fiO « 5878 


S 17 


100 « sin. 54° - 60-90 


4 10 


100 » sin. 72° - 9511 


6 lA 


100 X sin. 90O = 100-00 


« H 


100 X sin. 108° . 95-11 


7 13 


100 < sin. 136° » 80-90 


8 la 


1«HI X sin. 144° o 58-78 


9 n 


ItJO X sin. 163° - SODO 


10 10 


100 91 sin. 180° . O-Uu 


Maaii pressure 63-11 



From this we learn that the mein effective prewure is to the pressure 
■t piaton io the proportion of about 63 to 100. This is very nearly the 
■ne proportion as 2 to v; for UX).r63»l-6 neariy, and «.4-2»r7. 
Heoee we have the pro|>ortion, pressure at piston : mean effective pressure 
at extreroitv nf crank :: mean velfcity of extremity of crank : velocity 
of piston. This thnws, according to our law, that the mechanical effect of 
tb« HMsare at the piston is wholly transmitted to the crank. 

Wf have said not only that the mechanical effect is the same ultimately. 
Int that U ia the aunc roomenlarily : that is to say, that the product of tlie 
cflrctive #M«« at any point, and the velocity at that point, is constantly 
•qwl 10 tb* prodaei or the preuure at the piston, and iu velocity at the 
eotnapoBding poattioo. It m more difficult to illiiMmte this in the same 
BMBaer, on aoeount of the ditiiculty of calculating the relative velocity of the 
erwik and ptttcvn. It is very easy to show, however, that at what is called the 
** pQoltion of the ccntrr* " no toaa of pnwrr can really take place. This 
li^liptaa fhr this very plain reason, that there is no power exerted at that 
ttaOi b oa(bt to be remcmbtrcd that at that lime the coouaunication which 



supplies the steam from the boiler is cot off. The steam on one aid* I 
done its work, only waits to be released from iu chamber, and e 
the opening of the eduction valve, and at the same instant a is tfaeaet •! 
being permitted to enter on the opposite side for reversiDg Ihe 
Hence at these points all application of force has ceased, and arrangenma 
are making for reversing ibe motion : besides which, when the cngiat m 
on the centre, the piston has not any motion. 

Fig. 176. 



^/ 



i 



VVItb regard to the remaining points of the circle, at which it is 
power is lost, we shall afterwaixis show that the velocity imparted to i 
crank is always an exact equivalent for the force which ia apparesliy loai. 
At present we wish only to illustrate this fact, for its rigid deiD ouaUali oa 
requires rather abstract considerations. The following table p r ia e n ta Ike 
results of the calculations of the power and velocity. The DBSibm I, I. 
Sfc, refer to yii/. 176, 





Preuurv In DlrfctioD of 


Velodty of Crank di*tdM 




Rcrolutloa. 


br Viilocltra'rMca 1 


At and at 30 


0-00 


lafinite 1 


1 19 


30-90 


3-3;)6 


2 18 


58-78 


1-701 


3 17 


80-90 


i-ast 


4 16 


9.vn 


l<05i 


5 15 


IIKJ-OO 


IXNW 


6 14 


93-n 


loai 


7 13 


80-90 


I-S36 


8 12 


58-78 


1701 


9 a 


30-90 


3-SS6 


10 10 


01H) 





These are obtained on the sappontloii that the (bree on the 
its velocity are constant, and also that the connecting rod koepa alwa^ 
a parallel direction. Neither of these anppositions is exactly traa ftk' 
practice. We shall prove afterwards that the same law hoUa, ahWsgh 
the pressure on the piston is variable, and also its velocity, and ahkoogfc 
the connecting rod takes different inclinations. It will be utwti mJ from 
our table that the smaller the effective pressure in the direadoB d ite 
revolution the greater the relative velocity. 

We proceed now to show that from more theoretical cooatdcntieaa 
the same results flow. In fig. 177., let (> denote the centrv oC tha 
to which the crank is fixed; O D, O D,, O D^ O I>. O U. uA{ 
different positions of the crank ; A the extremity of tnc 
in its lowest position. C iU extremity when in the poaitioa C! 
responding to the {xisition O D of the crank, and B the cxtroaiity w 
its highest position corresponding to the position OH, of the cnuk. Wf 
have aoppaaed that C is in the line .\ B. This obvioiml^ is not aJwavs 
correct It will generally be in the arc of a circle which the 
of the side lever or main beam describes. Our suppoaitioa, howevcf, < 
greatly simplify the proof, and cannot materially alter its ctttaiaty. 
Let radius of crank =U H --.... 
Baditt* of connecting rod » A H ° C D >> B H, 



lAii^ D O H corresponding to the position C D of the oonnectiag rod =p 

||>i»tuce described by tb« extremity of the connecting rod A C - -x 

rhe Telocity atC- - - - -=.p 

The ▼elocity BtD- - - - - ' • — »' 
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1S3 



B?' 



B. 



'^TtM 



F 



*A 

It it shown by writers on Dynamics thnt the velocity with which «ny 
body moves is equal to the differential of the ftpace, divided by the differen- 
liml of the time. In thi* cue, therefore, u =J x-i-dt and v, = fd p-i-d t. 

Now AC=j=_A O-C 0-A H + H 0-C =p-»r-C O -G O- 
+ r- v'D C - D G'- O D k c os. D O G =p + r - *V-r* bin* ip-rcos.p 
M^ + r (1 —COS. f) - »/p»-/*~Bin.''0. Differentiating thu, we get 

r* gin. ^ COS. 4> 1 J ^ 



r H gin. ^ COS. 4> 1 d ^ 



1 d* 



f r COS. p 1 

- sin. « i 1 + —. i.- rti \ ^'' 
t- •v^p*— f* am. * ^J 

L«t DC 0»6 J the force acting on the connecting rod in the direction 
A B~P : and effective force acting on the crank in the direction of its 

volation, that is, in D F=» P,. Then we have the proportion 

Force acting on connecting rod in position DC . P::DC : CG::iee. fi 

I ; and thenrfore, 

PoToe acting on connecting rod in position D C».P x sec. 9. 
Again, we have the proportion, 

Force acting in direction D C : force acting in direction D F : : D C : 
D P: : 1 : sin. D C F -, and, therefore, effective force in direction of revolu- 
«ioo<: force acting in direction D C x sin. D C F. Now C P is pamilel to 
D O, and therefore the angle O C F = angle D O C = <^. Hence P, = P x 
fee. t Ksin. (^>e)<=P xsec. 6 x (sin. 9 cos. -t- cos. ^ sin. 0) = P x(8in. ^ + 

p !!El-^ « p H (sin, ^ + cos. <p tan. 0). Now, from the triangle D C 
cos.f / 

«« luTe 

DC : DO :: sin. ^ : lin. « 



and therefore, 



and 



p : r::iia. ^ : sin. B 



cot. 0*B a/\ -tm.* 9>- 



hence 



tan. •>■ 



9 



•/^-t* tia* ^ 



r sin. 



Suh«titnting this value we get, 

P,«PJatn. f + oo«.^ 

or 

1> r 



v'p»-f*sin.»^ 



rsin.^ "I 
•-r'sin,'>J 



P=sia.4-{ 



v'p'— r* sin. V-' 
Comparing thi» with the relation between the velociUes, and we find 



I' = LorP.<p. 

P f. 



.P.xr, 



Thus showing, that not only is the effect of the crank ultimately equal to 
all the force which is tmnsmitted to it, but is so every instant ; the moving 
force al the extremity of the connecting rod, as measured by the presmv 
multiplied into the velocity, being exactly equal to the moving force of the 
crank oa measured by the product of the effective pressure and velocity at 
any point. 

In practice the force P is very nearly uniform, and therefore P,, which 
is equal U> P multiplied by a function of the variable angle ^, will be very 
different at different positions of the crunk ; consequeoily, the velocity of 
the engine will be subject to fluctuations during each revolution. It may 
be interesting to ascertain' the law of these variations, and it will not be 
difficult to do this if we neglect the comparatively insignificant variation of 
the amount of the resistance which ensues upon every change of the veto- 
city, and $up[xise it constant. Let H denote the monieot of the resistance, 
including friction, reduced to the point D ; or, in other words, let R denote 
that force which, applied uniformly at the extremity of the crank along th« 
cirenmference of ihe circle which it describes, would produce the wme 
amount of resistance as the li>ad which the engine has to move, and tlM 
friction of its different part*. Then P, being the force actually applied to 
coanteract this resistance, the force which produces acceleration is P, - R. 
This force produces acceleration so long aa P, ii greater than R ; it pro- 
duces no acceleration when P^ is equal to R, that ia, in this case the velo- 
city of the engine continues constant ; and it produces retardation when P 
is less than R, that is, in this case the velocity of the engine pots on dimi- 
nishing. Multiplying the force P, — R by r, the leverage at which it acta, 
we find for the moment of its tendency to produce rotatory motion th« 
quantity r (?(— R) ; then if M denote the moment of inertia to be overcome, 
we obtain 

M^.r(P.-R) 

The integration of this eqaation will give lu all the cireimutanees of the 



motion, 



Multiply both sides by 2 y?, and then we have 



Mk2 



d<p 

71' 



?^-*P. 



dt 71 



(y)'. 



dt 



a P, xp,-2 Rxrn^ 
a t 

-8 Pxi»-2R)<r»l? 
dt 

-»PK^-2Rxr»l*. 
dt dt 

Integrating, after multiplying by d t, we obtain 

M /j*\'-2 {conatant+Px-RKrx^' 

To determine the constant, we may suppose, when 9=0, and therefore x=o, 
that M (— ) = 2 P X c. Then the equation becomes 

M(^f)'-2{Pc.P,-Br^]. 
Remembering that the square of the velocity of the extremity of the craxik 
at any poflitiau is eqnal to r* (-7-^) • *''^ denoting the velocity at II by 

V, and the velocity at H, by V, we have 

MV»-aP«!r» 
and, since when «»2 r, ^<k3'14159 . . . >»* 

MV,»-2f«{Pc+2 Pr-Rrw} 
-MV + 2H(2P-Rir) 
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It is obvioTU that the ume forronlAS apply when the crank i» returning 
firom H, to li, Lbroagh the lemi-circnrnferenee II, D, D, H, provided i is 
■appoaed equal to B C and ^— the angle U, O D^. Ueuce, denoting the 
recurring velocity at D bj V^ wc have in the same manner aa furmerly 

M V/ = MV,'+2r*(2 P-R») 
or, Snhatitnting the valne of M V,% ire obtain 

M V,'= M V» + 4 r» (2 P- R ir) 

This ihows VM that the stinare of the second velocity at H is greater thiin 

the square of the first velocity at H, by the quantity 

4r*(2P-R») 

It 

Whether the recurring velocity be greater than the first velocity depends 
upon the sign of the factor in the numeration of this quantity. Thus, if it 
be negative, or i2 P ^ K ▼, the recurring velocity is le«s ; if it be equal to 
nothing, or 2 Pa«R », the recurring velocity is the same ; and if it be posi- 
tive, or 2 P 7 R », then the recurring velocity is greater. If the relation 
between the resistance and the effective force is such as to render the mean 
Telocity constant, or, in other words, if the engine has attained its perma> 
oent speed, then obriooaly the periodical velocities must be constant This 
consid«ratioa gives na for permanent speed the relation 

a P-R T or R=?^ P. 

71)is relation may be expressed in approximate fractions ; thus it is 
shown, by writers on continued firactioits, that l-«-vcoatiauiilly approxi- 
mates to the fractioDS, 



7 106 
92' S&S' 



33102 



103993 



Hence — continnally approximates to the successive fractions, 
2 2. *'2 226 66aO-i 

"a* 11* saa* 35? 103993 ' 

Hence we may inftr that the general effect of the moving force, P, act- 
ing obliquely on the crank at D, is very nearly the same as 2 P-r3 acting 
nnifomily and perpendicularly at the same point ; still more nearly the 
same as 7 P -r 11 acting in the same circumstances ; still more nearly still 
SI 2 P -1-333 acting in the same circumstances; and so on through all the 
fractions. Again, 2 -■■*, acting at a leverage r, is the same as P acting 
at a leverage 2 r-rv. Hence the effieclive leverage of the crank is nearly 
fr +3, more nearly 7 r-fll, still more nearly 212 r-r333, still more 
nearly still 'i26 r-r3A5, &c. We would again remark that it ought not to 
be inferr«d. f>t)m these conclusions, that any of the mechanical effect is 
lost. Let it be rememberci that the mechanical eff'ect depends jointly 
opon the space moved through, and the power moved. In the present 
ease the mechanical powers are exactly equal ; for although only 2-rfr is 
applied uniformly at the extremity of the crank, to counterbalance this, it 
is moved through w-r-2 times a greater space. 

We may now find the velocities far any angle, when permanent speed 
has been established, by substituting fr>r x its value, and for K the value 
S P-rv. Denotiag the angular velocity corresponding to any angle ^ by 
r^ we have 

-aP ff + r (1-coa. ♦)-— ♦t^- */p»-»*sin.»fj 

I)«DOting the angular velocity at D, by v,.^. It u found by substitatiog 
w— ^ for ^ in the preceding ; we obtain 



MCo-^y-S P |c-r <l-coif)+y* + ^-*'^-/»sin.««} 

lin let the angle H, O D,»/9, and the velocity at D, in the retoml 
ke be denoted by Vf ; then wc might show 

M(r,y-2 p|e + r (1-coa. fl)-l^P-^^. ^'^^f' an^ fi^ 
odag the Tclocitj at D, Vy r,.^ ve have by substituting w-&t6t0 

■bOVfl, 

M{e..^y-2Pjc-r (l-cofc5) + l-'"fl-p+ • ^-r»sin.«/s} 

form more suited for comj 
ienoted by V, so that 2 P r • 



TlMte anay be put in a form more suited for comparison. Thus let the 
■agnlar velocity at H be denoted by V, so that 2 P r •> M V*, ond assuming 



lb«a weobtab, 



J 2? 



2F 



.yV--'j^tA-B). 



ySP 
V» + 3j<A-B). 



yap 



These may be put in a sti!] more convenient form by develgBiag) 
square nwt in a series, and then neglecting the higher powers of nsfl 
variations. We have then, 

""-V-sf^CA^B) 
^•♦-V-^(A-B) 



«'.-. = V+3j^(A-B) 



Again, neglecting the higher powers of the small vaiiatioiu, we haia, 
B=^^sin.«B 
so that we have the aeries of valoea, 

f/i-V-^v(A + j-^sin.»fl) 

r.=V-jjyCA- j-^«n.»<») 

•'.-*=V + jj^(A-g-^sin.'« 

P r* 

•♦-♦-V+3j^(A + ^Kii*»\ 

From these expressions we Icam that \ is the mean velocily. 
extreme values occur in the quadrants H^ D, and H, D, ; the max 
velocity being situated in the former, and the minimum velocity in the 1 
We may determine thcK' points by finding for what value of ^ Uie quantity J 

+ J- iin. *J9 or r ( S- 1 + cos. fll + ^^ sin.'ft or- -f eoa.^ •»- — n.* II 

a maximum. It is obvious that the angle will depend upon llie prmM tlWi 
subsisting between r and p. We shall not stay to dctermiae this; fcr at 
fear we have liogored too Inng in this investigation. It may be renarksd, 
however, that with the prop«'irti una observed in practice, the value of 0cir- 
responding to the maximum and minimum velocity never differs macft 
fruni 4.V, or w-r-4. 

In the preceding iavt>stigation we have only considered uoe crank , btf 
it will be fotind to apply with very little modiflcatioa wbco any nnmberrf' 
cranks is used. We shall not stay to examine the case, as tfce modifiestiaa 
is obvious. The investigation may be used to point out the effects to W 
produced by var}-ing the lengths of the crank and connecting rod. It Wlf 
be shown that the variation of the velocity is dimiuished by diminisliilt 
the length of the crank, and increasing the length of tlie c<innectiiiig rJL 
This conclusion may be arrived at by other sources. It forms a streaf 
argument against the use of long cylinders and long cranki^ whicb In 
practice give rise to disagreeable and destructive jolting of the •hois 
machinery. 

We reserve for a subsequent part of the present Treatise the renaritf i 
have to offer upon the Fly-wheel, Governor, and other moving parts «f I 
engine, the theory of which requires to be oonaidered ; and these top 
will be found to Ik; fully elucidated at the several pages mentioned iut 
Index. We next proceed, though not strictly in order, to lay befon ttf 
readers tables of dimensions of engines, computed fnim the furmols gin* 
at page 106^ and practical rules, nhich are an interpretation of lhoa*to> 
mulic, and of some other formula- given at page 1 37. The Ihrmiil* at | 
106. have been constructed with much care: the resul; 
pared with the dimensions followed by the makers of m 
tables and rules derived from them may be used by the Li.^...i-,ri •iih i 
fidence. For land engines various rules are scattered among the { 
details, extending from page 206. to page 216., and which may be i 
with safety in all cases where but a moderate pressure of steam is empio>f4, 
such as was tised in Mr. Watt's eoginesl Many of the dimensaacia gtica 
in these tables must, we foresee, soon become obsolete, for the ai4t-le«tf 
plan of engine, to which most of the sixes relate, is fidliDg into disoar, s*4 
in marine enpinea the introduction of the screw propeller will abo ml^ 
great innovation. But many of the dimensions are applicable to anj] 
of engine, and we iuve at page 224. given the- dimeDsii>n>i of oc<>i|| 
engines; /allowed by the most einineut constmclors, and -' 
remain unaffected by impending transformations. The«' 
shafts, and other moving parts, of which the dimentioiu arc g>«« 
marine engine tables are of malleable iron, with the exoeptioo of I 
lever, which is of cast iron. 
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12-14 


1>'48 
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58 


«-63 


7-23 


7-77 


6-30 


8-79 


9-26 


9-74 


10-08 


10-51 


10-90 


11-29 


11-64 


12-00 


1234 


18-68 
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59 


6-71 


7-33 


7-88 


8-42 


8-92 


9-40 


9-89 


10*24 


10-68 


11-07 


11-47 


11-83 


12-19 


12-54 


19-88 
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60 


€■79 


7-43 


8-00 


8-54 


9-05 


954 


10-00 


10-44 


10-83 


11*25 


11-85 


12-03 


12-39 


12-74 


13-09 


60 






61 


6-87 


7-53 


811 


e-66 


9-18 


9-«8 


10-U 


10-59 


11-01 


11-42 


11-82 


12-21 


12-58 


12-94 


13-29 


41 






69 


6-96 


7«3 


6-99 


8-78 


9-31 


9-82 


10-28 


10*74 


1117 


11*59 


11-99 


12-39 


12-77 


13-U 


13*49 
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63 


7-05 


7-73 


S'SS 


8-90 


9-44 


9-96 


10-43 


10-89 


11-33 


U-76 


12-17 


12-57 


12*96 


13-34 


13*69 
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7-U 


7-82 


8-44 


9-02 


9-57 


10-10 


10-58 
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11-49 


11-93 


12-35 


12-75 


13-15 


13-55 


13-89 


64 






65 


7-23 


7-92 


8-55 


914 


9-70 


10-24 


10*73 


11-20 


11-65 


12-10 


12-53 


12*93 


13-34 


1375 


14*10 
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7-32 


8-02 


8-«e 


9-26 


9-83 
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lo-ea 


11-36 


11-82 


12-27 


12-71 


nn 


13-53 


13-95 


14-31 
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«7 


7-41 


8 12 


8-77 


«-38 


9-96 


10-58 


11-03 


11-52 


11-99 


12-44 


12-89 


13-31 


1372 


14-15 


14-32 


67 






«8 


7-50 


8-22 


8-88 


9-51 


10D9 


10-66 


11-18 


11-68 


1216 


12-62 


13*07 


13-30 


13-92 


14-35 


14-73 
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69 


7-59 


8-32 


9-00 


9-64 


10-23 


10-80 


11-33 


11-84 


12-33 


12-80 


13-25 


13-69 


14-12 


14-5S 


14*94 
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70 


7^67 


8-42 


912 


9-77 


10-37 


10-94 


11-48 


12-00 


12-50 


12-98 


1.1-43 


13-88 


14-32 


14-75 


1515 


70 1 i 




71 


7-76 


859 


9-23 


9-89 


10-M 


11-08 


11-63 


12-16 


12-66 


13-15 


13-Gl 


14-07 


14-51 


14-96 


14-35 


71 kH 




72 


7-85 


8-82 


9-34 


leoi 


10-63 


11-23 


11-78 


12-32 


12-83 


13-32 


13-79 


14-26 


14-ro 


15-16 


14-56 


78 ^^1 




73 


7-94 


8-72 


9<46 


1013 


10-76 


11*37 


11-93 


12-48 


13-00 


13-49 


13-97 


14-45 


14-89 


15-36 


14-76 


78 J^l 




74 


8-03 


8-82 


9 SO 


10-25 


10-89 


U-52 


12-08 


12-64 


I.V17 


13-66 


14-13 


14-64 


15-08 


13-56 


15-97 


'^^1 




75 


812 


8-93 


968 


10-37 


11-02 


11-66 


1223 


12-80 


13*34 


13-84 


14-33 


14-83 


15-28 


15-76 


16-18 


74 '^H 




76 


8-21 


9*04 


9-80 


10-50 


11-16 


11-81 


12-36 


12-96 


13-51 


14-02 


14-51 


15-02 


15-48 


13-96 


16-39 


76 '^1 




77 


8-30 


9-15 


9-92 


10-63 


n-30 


11-95 


12-54 


13-12 


13*68 


14-20 


14-70 


15-21 


15-68 


1616 


16-60 


7f ^H 




78 


8-39 


9-25 


10D4 


10-76 


11-44 


12-10 


12-70 


13-28 


13-85 


14-38 


14-89 


15-40 


15-88 


16-37 


16-81 


76 ^^1 




79 


8-48 


9'3« 


10-16 


10-89 


11-58 


12-24 


12-86 


13-44 


14-02 


14-36 


15-08 


15-59 


16-08 


16-57 


17-09 


79 ^H 




80 


8-59 


»'4« 


10-28 
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11-73 


12-39 


13-02 


13-61 


14-19 


14-74 


15-27 


15-78 


16-28 


16-77 
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81 


8-«8 


9-56 


10-39 


1114 


11-88 


12-53 


1317 


13-77 


14-35 


14-91 


15-45 


15-97 


16-47 


16-97 


17^3 
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82 


8^77 


9-66 


10-50 


11-26 


11-99 


12-67 


13-32 


13-93 


14-52 


15-08 


15-63 


16*16 


16-66 


1717 


17-64 


n ^J 




83 


8-86 


976 


10-61 


11-38 


1212 


12-ei 


13-47 


14-09 


14-69 


13-26 


15-81 


16-35 


16*85 


17*38 


17-84 


(8 j^H 




84 


8-95 


986 


10-72 


11-51 


12-25 


12-95 


13-62 


14-26 


14-86 


13-42 


15-99 


16-54 


17-04 


1758 


18-06 
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85 


9-04 


9-97 


10-84 


11-64 


12-39 


13-09 


13-77 


14-42 


15-03 


13-60 


16-17 


16*73 


17-24 


17-78 


19-87 
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80 


9-13 


10HJ8 


10-96 


11-77 


12-53 


13-24 


13-99 


14-58 


15-20 


13-78 
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16-92 


17-44 


17-98 


18*48 
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87 


9-S2 


10-19 


1H)8 


11-90 


12-67 


13-39 


14-07 


14-74 


15-37 


13-96 


16-33 


17*11 


17-64 


18-19 


I8-69 
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8A 


9-31 


IO-30 


11-20 


12-03 


12-81 
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14-23 


14'90 


15-54 


16-14 


16-72 


17-SO 


17 •84 


18-39 


18-90 
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89 


9-41 


10-41 


11-32 


1216 


12-95 


13-69 


14-39 


15-07 


15-71 


16-32 


16*91 


17-49 


16-04 


18-39 


19-11 
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90 


9-52 


10-52 


11-44 


12-29 


13-09 


13-84 


14-55 
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15-88 


16-50 


1710 


17-68 


18-24 


18-79 


19-32 
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9-61 


10-82 


11-55 


1241 


13-22 


13-98 


14-70 


15-40 


16*04 


16-67 


17-28 


17-87 


18-43 


18*99 


19-62 
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92 


9-70 


10-72 


11-67 


12-54 


13-35 


14-12 


14-85 


15-56 


16-21 


16-84 


17-46 


18-06 


18-62 


1919 


19-73 
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93 


9-79 


1082 


11-79 


12-67 


13-49 


14-28 


15-00 


15-72 


16-38 


1702 
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18-25 


1881 


19-40 


19-94 
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9-88 


10-93 
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12-80 


13-63 


14-40 
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15-88 


16-55 


17-20 


17-82 


18-44 


19-01 


19-60 


9014 
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95 


9117 
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12-03 
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13-77 


14-56 


15-30 


16*04 


16-72 


17-38 
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19-80 
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11-15 


12-25 
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14-70 


15-45 


16-20 


16-89 


17-56 
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18-82 


19-41 


20-00 


80-47 
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97 


10-15 


11-26 


12-27 
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14-05 


14-85 


15-61 


16-36 


17-06 


17-74 
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19-01 


19-61 


20-20 


80-78 
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14-19 
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19-81 


20-41 
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99 


10-33 


11-48 


12-51 


13-45 


14-33 
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16-68 


17-40 
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20-01 


20*61 
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10-47 


11-39 


12f.3 


13-58 
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16-09 
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ft 


3-69 


17 


3-tS 


1'79 


4-33 


5 


3-64 


2-89 


2-5 


405 


12-99 


15-00 


10-60 


8-66 


7-60 




to 


3-32 


26 


3-49 


1-84 


4 52 


6-23 


S-70 


3-02 


2-61 


410 


13-07 


15-09 


10-66 


8-71 


7-54 




13 


3-94 


35 


3-84 


1-89 


4-71 


5-45 


3-86 


3 14 


2-71 


415 


13 14 


15-17 


10-72 


8-76 


7-58 




SO 


4-56 


44 


418 


1-94 


4-90 


5-66 


4-02 


S-26 


2-81 


420 


13-21 


15-25 


1078 


8-81 


7-62 




SS 


518 


63 


4-53 


1-99 


5-08 


5-86 


4-17 


3-38 


2-92 


425 


13-28 


15-33 


10-84 


8-86 


7-66 




30 


5-80 


62 


4-87 


2-04 


5-26 


6-05 


4-32 


3-50 


3-02 


430 


13-35 


15-41 


10-90 


8-91 


7-70 




35 


6-42 


71 


5-22 


2-09 


5-43 


6-24 


4-47 


3-62 


3-12 


435 


13-42 


15-49 


10-96 


8-96 


7-74 




40 


7-04 


80 


5-56 


2-13 


5-60 


6-42 


4-62 


3-74 


3-23 


440 


13-49 


15-57 


11-02 


9-00 


7-78 




4S 


:c6 


89 


5-91 


2-ia 


5-77 


6-60 


4-76 


3-86 


3-33 


445 


13 56 


15-66 


11-08 


9-05 


7-82 




50 


B-28 


98 


6-25 


2-23 


5-94 


6-8(t 


4-90 


3-98 


3-43 


450 


13-63 


16-73 


11-19 


9-09 


7 '86 




55 


P-90 


107 


6-60 


2-28 


612 


7-07 


5-O0 


4-08 


3-53 


455 


1370 


15-81 


IIIB 


9-13 


7 90 




60 


9 •50 


116 


6-94 


a -3 2 


6-26 


7-23 


6-19 


4-18 


3-61 


460 


13-77 


15'S9 


11-24 


9'18 


7-94 




65 


1ti-06 


125 


7-29 


2-36 


6-40 


7-39 


5-24 


4-28 


3-69 


465 


13-84 


13-97 


11-29 


9-23 


7-98 




70 


10-56 


134 


7-63 


2-40 


6-54 


7-55 


S-35 


4-37 


3-77 


470 


13-91 


16-05 


11-35 


9-38 


802 




75 


UV9fi 


143 


7-98 


2-44 


6-68 


7-71 


6-46 


4-46 


3-85 


475 


13-98 


16-13 


11-40 


9-39 


8-06 




80 


11 '31 


152 


8-32 


2-48 


6-88 1 


7-87 


fi-57 


4 55 


8-93 


480 


1405 


16-20 


11-46 


9-37 


8-10 




85 


ir6i 


161 


e-67 


2-52 


6-96 


8-03 


6-68 


4-64 


4-01 


485 


14-12 


16-27 


11-50 


9-41 


8-U 




90 


U-ft9 


170 


9-01 


2-56 


7-10 


8-19 


6-79 


4-73 


4-09 


490 


14-18 


16-34 


11-55 


9-45 


8-18 




95 


12 09 


179 


9-36 


2-60 


7-24 


6-35 


6-90 


4-82 


4-17 


495 


14-24 


16-41 


11-60 


9-49 


8-21 


L 


too 


12-19 


188 


9-70 


2-64 


7-31 


8-51 


6-01 


4-91 


4-25 


500 


14-30 


16-48 


11-69 


9-52 


8-24 


k 


105 


12-29 


197 


10-05 


2-68 


7-50 


8-66 


6-12 


6-00 


4-33 


605 


14-36 


16-55 


11-70 


9-56 


8-27 


m 


110 


13-56 


206 


10-39 


2-72 


7-62 


8-80 


6-22 


s-og 


4-40 


610 


14.43 


16-63 


11-76 


9-61 


8-31 


r 


115 


I2-93 


215 


10-74 


2-76 


y-74 


8-94 


6-32 


6-16 


4-47 


615 


14-50 


16*71 


11-81 


»-6» 


8-35 




120 


13-10 


934 


11-08 


2-80 


7-86 


9 08 


G-42 


6^4 


4-54 


620 


14-57 


16 79 


11 87 


9-71 


8-39 




1S5 


13-37 


233 


11-43 


2-84 


7-98 


9-22 


6-52 


6-32 


4-61 


625 


14-64 


16-87 


11-92 


9-76 


8-43 




lao 


13-64 


242 


11-77 


2-88 


8-10 


9-36 


6-62 


6-40 


4-68 


530 


14-70 


16*95 


11-98 


9-80 


8-47 




135 


13-91 


251 


1212 


2-91 


8-22 


9-50 


6-71 


5-48 


4-76 


535 


14-76 


17-03 


12-03 


9-84 


8'51 


1 


140 


14-18 


260 


12-46 


2-94 


8-33 


fl-63 


6-80 


6-55 


4-82 


540 


14-83 


1711 


13-09 


9-88 


8-55 


P 


145 


1444 


269 


12-81 


2-97 


8-44 


9-7« 


6-89 


6-62 


4-88 


545 


15-00 


17-18 


12-14 


9-92 


8-59 




150 


14-70 


278 


13-15 


3-00 


8-55 


9-89 


6-98 


5-69 


4-94 


550 


15-07 


17-25 


12-20 


9-96 


8-63 




155 


14-97 


287 


13-50 


3-03 


8-66 


10-00 


7-07 


6-77 


6-O0 


555 


15-13 


17-32 


12-25 


10-00 


8-66 




160 


15-20 


296 


13-84 


3-07 


8-76 


10-12 


7-16 


6-84 


6-06 


560 


15-19 


17-40 


12-30 


10-06 


8-70 




165 


15-43 


305 


1419 


3-11 


8-86 


10-24 


7-25 


6-91 


5-12 


565 


15-25 


17-47 


12-35 


10-09 


8-73 




170 


15'65 


314 


14-53 


3-U 


8-96 


10-36 


7-34 


5-98 


5-18 


S70 


15-31 


17-54 


12-40 


10-13 


8-77 




175 


15-87 


323 


14-88 


3-17 


9-06 


10-48 


7-43 


6-05 


5-24 


675 


1537 


17-01 


12-45 


10-17 1 


8-80 




180 


16-U9 


332 


15-22 


s-so 


9-16 


10-60 


7-52 


6-12 


5-30 


S80 


15-43 


17-68 


12-50 


10-21 


8-84 


1 


165 


16-31 


341 


15-57 


3-23 


9-26 


10-72 


7-60 


619 


6-36 


585 


15-49 


17-75 


12-55 


10-25 


8-87 


1 


190 


lG-53 


350 


15-91 


3-26 


9-36 


10-84 


7-68 


6-26 


6-42 


590 


16-55 


17-82 


12-60 


10-29 


8-91 


■ 


195 


16-75 


359 


16-26 


3-29 


9-46 


10-95 


7-76 


6-33 


5-48 


595 


15-61 


17-89 


13-65 


10-33 


8-94 




200 


16-97 


368 


16-60 


3-32 


e-.'>6 


11-06 


7-84 


6-40 


5-54 


6<i0 


15-67 


17-96 


12-70 


10-37 


8-98 




205 


17-19 


377 


16-95 


3-35 


9-66 


1118 


7-91 


6-46 


5-59 


605 


16-73 


18*09 


1275 


10-41 


901 




210 


17-39 


386 


17-29 


3-38 


9-76 


11-29 


7-99 


6-53 


6-65 


610 


15-79 


18-10 


12-80 


10-45 


9*0* 




215 


17-59 


395 


17-64 


3-41 


9-86 


11-40 


8-07 


6-59 


6-71 


615 


16-85 


18-17 


12-85 


10-49 


9-09 




220 


17-79 


404 


17-98 


8-U 


9-96 


11*51 


8-15 


«-63 


6-77 


620 


16-91 


18-24 


12-90 


10-53 


9-18 




2SS 


17-99 


413 


18-33 


3-47 


10-06 


11-62 


8-23 


6-71 


6-82 


626 


15-97 


IB-Sl 


12-96 


10-57 


91 7 




230 


I.M'I9 


422 


18-67 


3-50 


10-15 


11-73 


8-31 


6-77 


6-87 


630 


16-03 


16-38 


13-00 


10-61 


9-SO 




235 


18-39 


431 


19-02 


3-53 


10-24 


11 ■84 


8-39 


6-83 


6-92 


635 


16-09 


18-45 


13-05 


10-65 


9-28 




240 


18-58 


440 


19'3« 


3-56 


10-33 


11-95 


8-46 


6-89 


6-97 


640 


16-15 


1851 


13-10 


10-69 


9-26 




245 


18-77 


449 


19-71 


3-59 


10-42 


12-05 


8-53 


6-95 


6-02 


645 


16-20 


18-57 


13 15 


10-73 


9-29 


\_ 


250 


18-97 


458 


20-05 


8-61 


10-51 


12-15 


8-60 


7-0! 


607 


650 


16-20 


18-63 


13-19 


10-77 


9-33 


■ 


255 


1916 


467 


20-40 


3-63 


10-60 


12-25 


8-67 


7-07 


6-12 


655 


16 32 


18-70 


13-23 


10-80 


9-35 


■ 


260 


Jfl-34 


476 


20-74 


3-66 


10-69 


12 '35 


8-74 


7-13 


6-17 


660 


16-38 


18-77 


13-28 


10-84 


9-39 


r 


265 


19-52 


485 


21-09 


3-69 


10-78 


12-45 


8-81 


7-19 


6-22 


£65 


16-44 


18-83 


13-33 


10-88 


9-43 




270 


19-70 


494 


21-43 


3-72 


10-87 


12-55 


8-88 


7-25 


6-27 


670 


16-49 


16-90 


13-38 


10-92 


9-47. 




275 


19-88 


603 


21-78 


3-74 


10-96 


12-65 


8-95 


7-31 


6-32 


675 


16-54 


18-96 


13-43 


10-96 


9-50 




280 


20-06 


512 


2212 


3-77 


1KV5 


12-75 


9-(V2 


7-37 


6-37 


6«0 


16-59 


19-08 


13-48 


11-00 


9-53 




285 


20-24 


521 


22-47 


3 80 


11-13 


12-85 


,»-09 


743 


6-42 


683 


16-65 


19-10 


13-53 


1104 


956 




290 


20-4! 


530 


22-81 


3-82 


11-21 


12-95 


9-16 


7-49 


6-47 


690 


16-71 


19-17 


13-58 


11-08 


9-59 




295 


20-60 


639 


2316 


3-85 


11-29 


1305 


9-23 


7-54 


6-52 


695 


16-77 


19-24 


13-63 


11-12 


9-63 




300 


20-:8 


548 


23-50 


3-88 


11-37 


13-14 


9-29 


7-59 


6-57 


70O 


16-83 


19-31 


13-66 


11-15 


9-65 




305 


20-95 


657 


23-85 


3-90 


11-45 


13-23 


9-35 


7-64 


6-61 


705 


16-88 


19-37 


13-70 


1118 


9-68 


L 


310 


21-12 


566 


24-19 


3-93 


11-53 


13-33 


9-42 


7-70 


6-66 


710 


16-94 


19-44 


13-74 


11-22 


9-73 


■ 


315 


21-29 


675 


24-54 


3-95 


11-61 


13-42 


9-4S 


7-76 


6-71 


715 


16-99 


19-51 


13-79 


11-26 


9-76 


V 


320 


21-46 


684 


24-88 


3-98 


11-59 


13-51 


9-55 


7-82 


•-76 


720 


17-05 


19-58 


18-83 


11-30 


9-79 


1 


325 


21-63 


693 


»5a3 


4-00 


11-77 


19-GO 


B-lil 


7-87 


6-81 


725 


i:-io 


19-04 


18-68 


11-84 


9-82 




830 


21-80 


602 


25-57 


4-03 


11-85 


13-69 


9-68 


7-92 


6-86 


730 


17-16 


19-70 


18-92 


11-88 


9-86 


i 


335 


ai-97 


611 


25-92 


4-05 


11-93 


13-78 


9-74 


7-97 


6-91 


735 


17-21 


19-76 


18-97 


11-42 


9-88 


1 


340 


2214 


620 


86-26 


4-07 


1201 


13-87 


9-fll 


B-02 


6-96 


740 


17-27 


19-82 


14-01 


11-46 


9-91 


r 


345 


22-30 


629 


26-61 


4-10 


12-09 


13-96 


9-«7 


B-07 


7-00 


745 


17-32 


19-88 


1406 


11-49 


9-94 


• 


350 


22-46 


638 


26-95 


4-13 


1217 


14-05 


9-94 


8-12 


704 


750 


17-38 


19-94 


14-10 


1 1-52 


•■97 




355 


22-61 


647 


27-30 


4-14 


12-25 


1414 


10-00 


8-17 


7-07 


735 


17-43 


20-00 


14-15 


11-55 


10-00 


1 


360 


22-77 


65« 


27-64 


4 16 


12-33 


14-23 


10-06 


8-22 


712 


760 


17-48 


20-07 


14-20 j 


11-59 


10-03 


1 


365 


22-93 


665 


27-99 


4-19 


12-41 


14-32 


1012 


B-27 


7-17 


765 


17-54 


20-13 


14-24 


n-62 


10-06 


1 


370 


23^)9 


674 


28-33 


4^1 


12-49 


14-41 


1018 


8-32 


7 --'2 


770 


17-59 


20-19 


14-28 


11-56 


1009 


1 


375 


23-24 


683 


28-68 


4-23 


12-57 


14-50 


10-24 


B-37 


:■.'»■. 


7*5 


lf-C5 


20-25 


14-S3 


ll-6!< 


10-13 


1 


3110 


23-40 


692 


29-02 


4-26 


12-63 


14-59 


10-30 


B-42 


7-;io 


780 


17-70 


20-31 


14 37 


11-73 


10-15 


1 


585 


sa-ss 


701 


29-37 


4-28 


12-70 


14-C8 


10-36 


e-47 


7-34 ' 


785 


17-75 


20-37 


14-41 


11-70 


10-18 


V 


390 


2370 


710 


29-72 


4-31 


12-77 


14-70 


10--12 


6-52 


7-38 


790 


17-80 


20-43 


14-45 


11-80 


10-21 




395 


23-85 


719 


30-06 


4-35 


32-84 


14-84 


10-48 


8-57 


7-42 


795 


17-85 


20-49 


l4--t9 


11-83 


10-24 




400 


24-00 


728 


30-41 


4-37 


12-91 


14-22 


10-54 


8-63 


7-46 


800 


17-90 


20-55 


14-53 


11-87 


10-27 



I 


140 


^ 


■ 


F 
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or 


vife bawl li abuut l| lloai tba thlckniM of the Wab. 












Hi 




4 


H 


5 


H 


6 


6i 


7 


7i 


8 


H 


9 


9i 


10 


lOi 


11 


21 


17-41 


18-11 


18-75 


19-36 


19-94 


20-48 


20-99 


21-47 


21-94 


3339 


22-82 


23-24 


23-67 


24-02 


24-39 


31 


^^^"^ 


22 


17-95 


18-67 


19-33 


19-96 


20-56 


21-12 


21-04 


22-14 


22-62 


23 09 


23*53 


23-96 


24-46 


24-77 


25-15 


22 




^v 


23 


18-49 


19-23 


19-91 


20-56 


21-18 


21-76 


22'29 


22-81 


23-30 


23-78 


24-24 


24-68 


25-22 


25-52 


25-91 


23 




^^^^ 


34 


19-03 


17-79 


20-49 


21-16 


21-80 


22-39 


22-94 


23-48 


23-98 


3447 


24-95 


25-40 


25-99 


26-26 


26-67 


34 




^^^^^ 


3d 


19-58 


20-36 


21-08 


21-77 


22-41 


2302 


83-59 


24-14 


24-67 


25-16 


23-65 


26-12 


26-56 


27 00 


27-42 


36 




^^^^p 


26 


20-08 


20-89 


21-64 


22-34 


23-00 


2362 


24-21 


24-77 


2531 


25-81 


26-31 


26-80 


27-25 


27*70 


28-13 


26 




^^^^ 


ar 


20-60 


21-42 


22-19 


22-90 


23-58 


24-22 


24-82 


25-40 


25-95 


26-46 


2697 


27-47 


27-94 


26*40 


28-84 


27 




^H 


28 


2I-tO 


21-95 


22-73 


23-46 


2416 


24 81 


33-43 


26-02 


26-58 


27-1*1 


27*63 


28-14 


28-63 


29*10 


29-55 


28 




^H 


39 


21-61 


22-48 


23-27 


24-02 


24-74 


25-40 


26-04 


26-64 


27-21 


27-76 


28-29 


38-81 


39-32 


29*80 


30-26 


29 




^1 


30 


2211 


22-99 


23-81 


24-58 


25-31 


S5'99 


26-64 


27-26 


27-85 


28-41 


28-96 


29-50 


30-00 


30*49 


30-96 


30 




^H 


31 


22-59 


23-49 


S4-34 


2512 


25-97 


26-56 


27-22 


27-85 


28-46 


29 03 


29-61 


30-14 


30-65 


31*15 


31-63 


31 




^H 


32 


23-07 


23-99 


24-86 


25-65 


26-42 


27-12 


27-80 


28-44 


29-06 


29-63 


30-26 


80-78 


31-30 


31*81 


32-30 


32 




^H 


3,1 


23-55 


24-49 


25-37 


26-18 


26-96 


27-68 


28-37 


2903 


29-67 


ao-27 


30-91 


31-42 


31-95 


32*47 


82-97 


33 




^H 


34 


24 03 


24-99 


25-88 


26-71 


27-50 


28-24 


28-94 


29-62 


30-27 


30-89 


31-36 


32-06 


32-60 


3313 


33-64 


34 




^H 


35 


24-50 


2,V48 


25-39 


27-24 


28-04 


28-80 


29-52 


30-21 


30-87 


31-49 


32-10 


32-69 


33-24 


33-79 


84-31 


36 




^^^H 


36 


24-96 


25-96 


26-88 


27-75 


28-57 


29-34 


30-07 


30-78 


31-45 


32-U8 


32-70 


33-30 


33-86 


34*42 


34-95 


36 




^^^B 


■17 


25-41 


26-43 


27-37 


28-26 


29-10 


39-88 


30-62 


a 1-34 


32-03 


32-67 


33-30 


33-91 


34-48 


36*05 


36-69 


37 




^^^V 


.18 


25-87 


26-90 


27-86 


28-77 


29-62 


30-42 


31-17 


31-90 


32-61 


33-26 


33-90 


34-62 


35-10 


35*68 


36-23 


38 




^V 


39 


26-32 


27-37 


28-35 


29-28 


30- H 


30-96 


31-72 


32-46 


33-18 


33-86 


34-60 


35-13 


36-72 


36-31 


36-87 


39 




^B 


41) 


26-78 


27-85 


28-84 


29-78 


30-66 


31-49 


32-27 


3303 


33-73 


34-42 


35-09 


36*73 


36-34 


36*94 


37-61 


40 




^H 


41 


27-22 


28-31 


29-32 


30-27 


31-17 


32-01 


32-80 


33-56 


34-30 


34-99 


36-67 


36*32 


36-94 


37-55 


38-13 


41 




^1 


42 


27-66 


23-76 


29-79 


30-76 


31-67 


32-53 


33-33 


34-10 


34-85 


35 -55 


36-24 


36-91 


37-54 


38-15 


38-74 


42 




^B 


43 


2810 


29-21 


30-26 


31-25 


32-17 


33-05 


33-85 


34-64 


35-40 


36-H 


36-81 


37*49 


38-13 


38-75 


39-35 


43 




^H 


44 


28-,->4 


29-66 


30-73 


31-73 


32-67 


33-56 


34-38 


35-18 


35-95 


36-67 


37-36 


38*07 


38-73 


39-35 


39-96 


44 




^^^_^ 


45 


28-97 : 


30-12 


31-20 


32-21 


33-16 


34-06 ' 


34-90 


35-71 


36-50 


37-23 


37-96 


38-65 


39-31 


39-95 


40-57 


45 




^^^B 


46 


29-40 


30-56 


31-G6 


32-68 


33-65 


34-56 i 


35-41 


36-23 


37-03 


37-78 


38-51 


39-22 


39-89 


30*54 


41-17 


46 




^^^H 


47 


29-82 


31-00 


32-11 


33 15 


34-13 


35-06 


36-92 


36-75 


37-56 


38-32 


39-07 


39*78 


40-46 


31*12 


41-76 


47 




^^r 


4S 


30-24 


31-44 


32-56 


33-62 


34-61 


35-55 


36-43 


37-27 


38-09 


38-96 


39-62 


40-34 


41-02 


31*70 


42-35 


48 




^H 


49 


30-66 


31-88 


33-01 


34 09 


3509 


3604 1 


36-94 


37-79 


38-52 


39-40 


40-17 


40-90 


41-59 


32*28 


42-94 


49 




^B 


&0 


31-08 


32-32 


33-47 


34-55 


35-57 


36-53 , 


37-44 


38-31 


39-16 


39-94 


40-72 


41-46 


42-17 


42*86 


43-62 


50 




^1 


51 


31-49 


32-75 


33-91 


35-01 


36-04 


37-05 ' 


37-94 


38-82 


39-67 


40-47 


41-26 


42-01 


42-73 


43*42 


44-09 


51 




^B 


52 


31-90 


33-17 


34-35 


35-47 


36-51 ' 


37-37 


38-43 


39-32 


40-18 


41-00 


41-80 


42-55 


43-38 


43*98 


44-66 


52 




^B 


53 


32-31 


33-59 


34-79 


35-92 1 


36-97 


ae-09 


38-92 


39-82 


40-69 


41-52 


42-33 


43*10 


40-83 


44*34 


45-23 


53 




^B 


54 


32-72 


34-01 


33-23 


36-37 


37-43 


38-61 


39-41 i 


40-32 


41-20 


43-04 


42-86 


43*64 


44-38 


45*10 


46-80 


54 




^B 


55 


33- 12 


34-43 


35-66 


36-82 


37-90 


39-13 


39-90 


40-83 


41-72 


42-36 


43-39 


44*18 


44-93 


45*67 


46-38 


56 




^B 


56 


33-52 


34-84 


36-09 


37-26 


38'36 


39-56 


40-38 ' 


41-32 


42-22 


4^-07 


43-91 


44-71 


45-47 


46-22 


46-94 


56 




^B 


57 


33-92 


35-25 


36-52 


37-70 


38-81 


39-99 


40-86 . 


41-81 


42-72 


43-38 


44-13 


45-24 


46-01 


46-77 


47-50 


57 




■ 


5^ 


34-31 


35-66 


36-94 


38-14 


39-26 


40-42 


41-33 


42-30 


4^-21 1 


44-09 


44-95 


45-77 


46-53 


47-32 


41-06 


58 




5S 


34-70 


3607 


37-36 


38-58 


39-71 


40-85 


41-80 


42-78 


43-70 


44-60 


45-47 


46-30 


47-09 


47-86 


48-60 


69 




^B 


60 


35-10 


36-49 


37-79 


39-02 


4017 


41-26 


42-28 


43-26 


44-21 


45-10 


45-98 


46-62 


47-C2 


48*40 


49-15 ; 


60 




^V 


fit 


35-49 


36-89 


38-2 1 


39-45 


40-61 


41-71 


42*75 


43-74 


44-70 . 


43-60 


46-49 


47*34 


48-14 


48-93 


49-69 


61 




^H 


62 


35-87 


37-29 


38-63 


39-88 


41-05 


42-16 


43-23 


44-33 


43-19 


46-10 


47-00 


47-85 


48-66 


49-46 


60-23 


62 




^^ 


63 


35-26 


37-69 


39-04 


40-31 


4t-49 


42-61 


43-68 


44-69 


45*68 


46-59 


47-50 


48-36 


49-18 


49-99 


50-77 


63 




^P 


64 


35-64 


38-09 


39-45 


40-74 


41-93 . 


43-06 


44-14 


45-16 


46-17 


47*08 


48-00 


48-87 


49-70 


50-&2 


51-31 


64 




^B 


65 


37-02 


38-49 


39-86 


41-16 


42-37 


43-52 


44-60 


45-63 


46-64 


47-57 


48-50 


49-;J9 


50-23 


51-05 


51-84 


65 




^B 


66 


37-40 


38-88 


40-27 


4 1 -58 


42-80 


43*97 


45*06 


46-10 


4712 


4S-06 


49-00 


49-89 


50-74 


61-67 


62-37 


66 




^1 


67 


37-78 


39-27 


40-GS 


42-00 


43-23 


44*41 


45*31 


46-57 


47-59 


48-55 


49-49 


50-39 


51-25 


62-09 


52-80 


67 




^B 


68 


38-16 


39-66 


41-09 


42-42 


43-66 


44-!fi.'i 


4.r96 


47*03 


48-06 


49-03 


49-98 


60-89 


51*76 


62-60 


53-33 


68 




^B 


69 


38-53 


40-05 


41-49 


42-83 


4409 


45-29 


46*41 


43-49 


48*53 


49-51 


50-47 


61-39 


52-27 


53-11 


53-85 


69 




^B 


70 


38 90 


40-44 


41 -89 


43-24 


44-52 


45-73 


46-86 


47-95 


49*01 


49*99 


60-96 


61-89 


52-77 


83-64 


54*47 


70 




^H 


71 


39-27 


40*«3 


4'i-29 


43-66 


44-94 


46-16 


47-31 


48-41 


49*47 


60-46 


51-44 


62-38 


53*27 


54-15 


54-99 


71 




^1 


ra 


39-64 


41-21 


4 2-69 


44-07 


45-36 


46-59 


47-75 


48*86 


49*93 


50*93 


51-92 


52-87 


53*77 


54-66 


55-50 


73 




^M 


73 


40-01 


41-59 


43-08 


44-49 


45-78 


47-02 


48-19 


49-31 


50*39 


51*40 


52-40 


53-36 


54*27 


53-16 


66-01 


73 




^M 


74 


40-37 


41-97 


43-47 


44-89 


46-20 


47-45 


4B-C3 


49*76 


50-85 


51-87 


52-88 


53-84 


54*77 


56-66 


66-52 


74 




^1 


75 


40-73 


42-33 


43-86 


45-30 


46-62 


4- -89 


49*07 


50*21 


51-31 


52-34 


53-35 


54-33 


55-26 


50-16 


67-04 


75 




^1 


76 


41-09 


42-73 


44-25 


45-70 


47-03 


48-30 


49*50 


50*65 


51*76 


52*80 


43-92 


54-81 


55-73 


56-66 


67-54 


76 




^V 


77 


41-45 


43-10 


44-64 


46-10 


47-44 


48-72 


49-93 


51-09 


52-21 


53-26 


44-29 


55-29 


36-24 


57-16 


58-04 


77 






78 


41-80 


43-47 


45-03 


46-49 


47-85 


49-14 


50-36 


61-53 


52-66 


53*72 


44-76 


56-76 


36*72 


36-«6 


68-54 


78 






79 


42-15 


43*84 


45-40 


46-88 


48*26 


49-56 


50*79 


51*97 


53*11 


54*18 


45-23 


56-24 


37-20 


59-14 


69-04 


79 




^L 


60 


42-51 


44-21 


45-78 


47-27 


48*66 


49-98 


5l-»2 


52*41 


53*56 


54-64 


65-70 


56-72 


67*68 


58-63 


69-54 


80 




^1 


ei 


42-86 


44-58 


4616 


47-66 


49*07 


50-40 


51*65 


52-84 


54*01 


55*09 


56-16 


57-19 


68*16 


59-12 


6003 


81 




■ 


Bi 


43-21 


44-94 


46-.')4 


48-05 


49-47 


50-81 


53-08 


53-27 


54-45 


55-54 


36-63 


57-66 


68*64 


5960 


60-52 


82 




■ 


43-56 


45-30 


46-92 


48-44 


49-87 


51-22 


52-50 


53-70 


54-89 


55*99 


57-08 


58-13 


59*12 


60-08 


61-01 


83 




■ 


43-91 


45-66 


47-30 


49-83 


50-27 


51*63 


52-92 


54-13 


55*33 


56*44 


67-64 


58-60 


59*59 


60-56 


61*50 


84 




■ 


44-27 


46-09 


47-67 


49-22 


50*67 


5204 


53*34 


64-57 


55-77 


56-89 


38-00 


59-06 


60*06 


61*05 


62-00 


85 




■ 


86 


44-62 


46-39 


48-04 


49-61 


51*07 


52-45 


53-76 


65-00 


56-21 


67*34 


68-45 


59-53 


«2*53 


61-53 


62-49 


86 




■ 


87 


44-96 


46-73 


48-41 


49-99 


51-46 


52-86 


54-18 


55-43 


56-65 


57*78 


58-90 


5998 


63-00 


62*01 


62-97 


87 
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314-20 


•21>C-J4 


79 






80 


37600 


4^6■3J 


440-00 


396'«4 


963 -SH 


335-63 


312-64 


393-44 


376-96 


863-36 


849-99 


238-56 


228-64 


219-32 


311-36 


80 






Rl 


39i>'»4 


509 II 


451-29 


406-88 


372-22 


34417 


320-71 


300-99 


28411 


869-31 


356-39 


244-72 


234 -.'.a 1 


223-98 


210-79 


HI 






S« 


605 -S« 


521-90 


462-38 


4I7-08 


381-56 


352-82 


328-78 


308-54 


301-36 


876-06 


863-78 , 


250-88 


940-40 


232-44 


323 ■23 


89 






M 


620-32 


531-69 


47387 1 


427-30 


390-flO 


361-47 


336-85 


316-09 


398-41 


883-81 


369-31 


257-04 


246-28 


238-90 


327-63 


89 






»*, 


635-36 


547-48 


4851 6 1 


437-52 


400-34 


37013 


344 93 


323-64 


905-97 


889-56 


879-64 


263-20 


252-16 


245-36 


233-08 


k4 






93 


650-21 , 


56«l'31 


49646 { 


417-74 


409-61 


378'«0 


352-09 


331-21 


313-74 


396-33 


883-08 ' 


260-39 


258-04 


247-83 


2.18-53 


86 






SS 


465-93 


.•i739l» 


508 48 45S-S7 


419-53 


387'97 


361-54 


339-23 


320-32 


303-50 


888-91 


275-92 


264-28 


959-83 


244-30 


M 






87 


681-69 


587 ^W 


52O-50 4fl'>-40 


429-45 


997-14 


37IW)9 


947-33 


327-90 


310-67 


393-74 


282-45 


270-53 


969-83 


250-07 


f? 






S» 


697-43 ; 


60|-«K 1 


332 52 


480-23 


439-37 


406-31 1 


378-64 


965-27 


335-48 


317-84 


802-57 


288-98 


976-76 


965-83 


235-h4 


88 






99 


71317 \ 


614-67 


544-54 


491-07 


44929 


415-48 1 


387-15 


363-29 


343-06 


323-01 


309-40 


295-51 


383-00 


271-89 


261-f.l 


89 


i 




90 


7»?-»I 1 


62«-29 


356-56 


501-93 


459-22 


424-67 1 


393-74 


371-94 


350-64 


332- 1 9 


316-36 


302-04 


289-26 


277-83 


2t'.7 -.•»•♦ 


90 


! 




91 


745-:7 


642 62 


569-27 


513-40 


469-70 


434-37 1 


404-77 


379-81 


358-64 


340-18 


323-44 


308-93 


295-87 


28417 


273-50 


91 






M 


763-23 


f.',(,'^^ 


581^8 


524-87 


480-18 


444-07 


413-80 


388-28 


366-64 


848-17 


330-66 


315-82 


302-48 


290-31 


279 01 


99 


1 




93 


r:H-!<9 


f,7 1 I'M 


594-60 


536-34 


490-86 


439-77 


422-84 


396-76 


374-64 


996-16 


337-88 


322-71 


3M-09 


296-86 


285-72 


99 






94 


79.'.-5-> 


r.x'i'i-.i 


607-4O ' 


547-81 


601-14 


463-47 


431-87 


405-33 


389-66 


S64-I6 


345-10 


329-00 


31370 


3t>3-19 


291-83 


94 






93 


t*\T'i> 


n!l'l-V4 , 


6!<015 ' 


359-29 


511-65 


47317 


440-93 


413-73 


990-89 


873-16 


353-36 


336-50 


322-32 


309-56 


297-96 


96 






»« 


K29 78 


7\yor, ■ 


633-5f) ; 


57137 


522-70 


483-39 


450-45 


422-67 


399-011 


979-76 


359-H7 


843-76 


32928 


316-24 


304'9«. 


06 






»7 


817-31 , 


7no\H ' 


646-97 


583'45 


&3375 


493-61 


459-97 


4-'»l-61 


407-61 


»«7-35 


967-58 


351-02 


a3r,-24 


322-92 


810'M 


07 






M 


KC4-P4 


74%-30 , 


6ti«-38 


59553 


344-80 


603-83 ' 


469-49 


440-96 


415-94 


394 -96 


373'19 


358-28 


343-20 


329-AO 


."J17-27 


98 






«o 


892-37 1 


760-42 1 


673-79 


607-61 


555-85 


614-06 


479-01 


440-49 


424-38 


402-56 


882-80 


363-64 


330-16 


336-28 


9-,i3-7l 


99 




m 1 


C99-Dy 


775-56 ' 


6«7-a0 619-72 ' 


SG6il3 


524-28 


488-56 


458-44 


433-84 


41016 


390-44 


372-84 


357I6 


343-00 


3.10-16 


too 
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1 

2 


^ 


3 


3i 


4 


^ 


5 


5i 


6 


6i 


7 


^ 


8 


8i 


9 


w 




2744 


5309 1 


9261 


14706 


31952 


31256 


42475 


57067 


74088 


94196 


1 17649 


143353 


175666 


210645 


250047 


0-5 


343 


664 


1158 


1713 


2744 


3907 


5309 


7133 


9261 


11774 


14706 


17919 


21958 


2G331 


31256 


1 


^^^^H 


103 


197 


343 


545 


813 


1158 


1573 


2114 


2744 


3489 


4357 


5309 


6506 


7802 


9261 


1-5 


^^^H 


43 


83 


145 


214 


34^ 


488 


664 


692 


1158 


1472 


1838 


2-240 


2745 


3291 


3907 


2 


^^^1 


32 


42 


74 


US 


176 


250 


340 


457 


593 


754 


941 


1147 


1405 


1685 


2000 


2-5 


^^H 


19 


25 


43 


68 


102 


145 


199 


264 


343 


436 


545 


670 


813 


975 


1161 


3 


^^H 


1 8 


16 


27 


43 


64 


91 


125 


166 


216 


275 


343 


422 


512 


614 


729 


3-5 


^^^^ 


5 


10 


18 


27 


43 


61 


83 


111 


145 


184 


230 


280 


343 


4tl 


488 


4 


^^^1 


» 3-44 


7-30 


12-70 


2019 


SO^ll 


42-89 


59-26 


78^30 


ior63 


119-22 


161-34 


!96^63 


240-96 


288-96 


343 


4^5 


^^^1 


2'75 


5-25 


9-i5 


14-75 


22-00 


31-25 


42-50 


5712 


74^12 


9425 


I17^60 


143-40 


175-60 


210-60 


250 


5 


^^^1 


i 2-OG 


4 03 


6-96 


11-05 


16-49 


23^49 


32-21 


42-87 


55-65 


70-7 7 


88-39 


108*70 


131-90 


158-26 


187-90 


6-5 


^^^1 


1-50 


312 


5-37 


8-50 


1275 


lS-12 


24-87 


33-00 


42-87 


5450 


68-12 


83-75 


101-62 


121-87 


145-12 


6 


^^^1 


1 rao 


2-53 


4-30 


6-89 


10^32 


14-69 


20-23 


26-80 


34-86 


44-40 


55-46 


68-92 


82-80 


99-28 


118-09 


6-5 


^^^1 


1-00 


2^00 


3-37 


6-37 


8-00 


11-37 


15-62 


20-75 


27-00 


34-37 


42 ■87 


52-75 


64-00 


76-75 


91-12 


7 


^^^1 


i -81 


1-62 


2-81 


4-32 


6-64 


9-44 


12-94 


17-30 


22-50 


28-63 


35-80 


43-86 


53-40 


64-00 


7602 


7-5 


^^H 


'62 


1^2S 


2-25 


3-37 


5-37 


7-62 


10-37 


13-87 


18-12 


23-00 


28-75 


35-00 


42-87 


51-37 


6 1 00 


8 


^^^1 


i *33 


1-06 


1-92 


2-90 


4-39 


6^45 


8-83 


11-82 


15-36 


19^49 


24-43 


29-63 


36-33 


43^69 


r.ir.'j 


8-5 


^^^^ 


•44 


•89 


1-59 


2-52 


344 


5-37 


7-37 


9-78 


12-70 


1615 


20- 1 9 


24-81 


30-11 


36-11 


4M-IM* 


9 


^^^1 


i -38 


•76 


133 


2-12 


3-08 


4-40 


6-00 


8-02 


•lO-4l 


13-24 


16-53 


19-34 


24-67 


29-58 


3517 


9-5 


^^^^1 


•34 


-66 


116 


1-84 


2-75 


3-91 


5-31 


7-14 


9^26 


\\-7% 


14-70 


17-05 


21-95 


26-32 


31-25 


10 


^^H 


i -296 


■593 


1-00 


1-59 


2-37 


337 


4-63 


615 


8-00 


10-19 


12-70 


15-63 


18-90 


22-74 


28-78 


10-5 


^^^1 


•258 


•504 


•870 


1-38 


2-06 


2'94 


4-03 


5-36 


6-96 


8-85 


11-05 


13-59 


16-50 


19-78 


26-32 


11 


^^^1 


5 -208 


•429 


•738 


117 


1-75 


249 


3-41 


4-53 


5-89 


7-49 


9-36 


11-51 


14-00 


16-75 


23-86 


11-5 


^^^1 


! -188 


•391 


•672 


1-06 


1-59 


2-26 


3-11 


4-1-i 


5-36 


6-81 


8-51 


10-47 


13-70 


15-23 


21-40 


12 


^^^1 


» -167 


•3M 


•604 


•86 


1-44 


2*03 


2-76 


3-72 


4-82 


602 


7-66 


9-40 


11-44 


13-72 


18-94 


ia-5 


^^^1 


•147 


■310 


•537 


•75 


1-28 


181 


2-42 


331 


4-29 


5-22 


6-82 


6-34 


10-18 


12-Sl 


tC-48 


13 


^^^1 


5 -127 


•270 


•470 


•748 


1-12 


1-59 


2-08 


2-90 


3-7S 


4-42 


5-98 


7-28 


8-92 


10-70 


1402 


]3'5 


^^^1 


■118 


•233 


•427 


'680 


102 


144 


1-91 


2-64 


3-42 


4-11 


5-44 


6-63 


8-12 


9-73 


11-56 


14 


^^^1 


IV -110 


■197 


•385 


•613 


•91 


l'31) 


1-74 


2^38 


3-08 


3-80 


4-90 


6-97 


7-31 


8-76 


10-41 


14-5 


^^^1 


■102 


•161 


•343 


•546 


•815 


1-16 


1-57 


2*12 


2-74 


3-49 


4-36 


5-31 


6-50 


7-80 


926 


15 


^^^1 


5 -085 


■158 


•302 


•463 


•719 


1^02 


1-39 


186 


2-42 


3T8 


8-85 


4-69 


5-74 


6-86 


817 


15-5 


^^^1 


•077 


•156 


•281 


■"421 


•671 


•952 


1-30 


1-73 


2-26 


a-87 


3-59 


4-38 


536 


6-42 


7-62 


16 


^^^1 


B 072 


•149 


•258 


•409 


•611 


•870 


1-19 


159 


2-06 


2-62 


3-27 


4-03 


4^89 


5-86 


6-96 


16-5 


^^^1 


•068 


•135 


•230 


•366 


•545 


•775 


ro6 


142 


1-84 


234 


2-92 


3-60 


4-36 


5-23 


6-21 


17 


^^^1 


i -064 


•138 


■216 


•344 


■512 


•728 


TOO 


1-33 


1-73 


S-SO 


2-74 


3-38 


410 


4-91 


5-83 


17-5 


^^^1 


•059 


118 


-iOl 


•322 


•480 


•678 


■94 


1-25 


1-60 


2-07 


2-66 


313 


382 


4-57 


5-43 


18 


^^^1 


5 -HM 


•109 


■187 


•299 


-446 


•631 


•87 


1-16 


1-49 


1^92 


23S 


2-88 


355 


4-25 


5-05 


18-5 


^^^1 


•050 


•100 


■173 


■276 


■412 


•584 


•80 


1-07 


1-38 


, 1-77 


2-20 


2-63 


3-28 


3-93 


4-67 


19 


^^^1 


S -046 


•091 


•159 


■253 


-378 


•537 


•73 


•98 


1-27 


1-62 


2-02 


2-38 


301 


8-61 


4-29 


ie-5 


^^^1 


•042 


■082 


•145 


•230 


•344 


■490 


•664 


•802 


1-16 


1-47 


1-84 


2-13 


274 


329 


3-91 


20 


^^^1 


5 -040 


•077 


•137 


-217 


■325 


-465 


•628 


•844 


1-09 


1-40 


1-55 


2-03 


2-57 


3-09 


3-70 


20-5 


^^^1 


•038 


•073 


•130 


•205 


•307 


•439 


■594 


•797 


1-03 


1-33 


1-43 


193 


243 


2-92 


3-50 


21 


^^^H 


5 -035 


•069 


•122 


•193 


■289 


-413 


•560 


•750 


0-97 


1-25 


141 


1-89 


2^29 


2-75 


3-30 


21-5 


^^^H 


•032 


•065 


•114 


•181 


•271 


•387 


•526 


■703 


-091 


1.17 


1-34 


I72 


215 


2-58 


309 


22 


^^^1 


S -oao 


•061 


•106 


•169 


•253 


■361 


•492 


-656 


•085 


1-09 


1-27 


1^63 


2^01 


2-41 


2-99 


2-25 


^^^1 


■02B 


•057 


•099 


•157 


■235 


•335 


•458 


•609 


■079 


1-01 


1-20 


151 


1-87 


9-24 


2-68 


23 


^^^1 


6 -025 


•053 


•091 


•144 


•217 


•309 


•424 


•662 


•073 


•93 


lis 


141 


173 


2-07 


9-47 


23-3 


^^^1 


•023 


•049 


■084 


•132 


•199 


•283 


•390 


•515 


•067 


■851 


1^05 


1-31 


159 


1-90 


2-27 


24 


^^^1 


6 -022 


■045 


■077 


•123 


■184 


•260 


■357 


•477 


■63 


•787 


•99 


1-21 


147 


1-76 


2-10 


24-5 


^^^1 


•022 


■042 


■074 


■118 


•176 


■250 


•340 


•457 


•593 


•754 


■941 


1-15 


1-40 


1-68 


2'00 


25 


^^^1 


B -020 


•040 


•069 


•112 


•167 


•236 


•322 


•435 


•483 


•715 


■893 


109 


1-33 


^59 


1 90 


25-5 


^^^H 


•019 


•038 


■065 


•106 


•158 


•224 


•306 


•412 


•473 


•677 


•846 


1-03 


1-26 


1-51 


180 


26 


^^^^ 


6 "Olg 


•036 


.•062 


■100 


•149 


•212 


•290 


•389 


•463 


•640 


■799 


•974 


1-19 


r43 


1-70 


26-3 


^^^H 


•017 


•034 


•059 


•094 


•140 


•200 


574 


•366 


•454 


•603 


•753 


•921 


1-12 


135 


1-60 


27 


^^^^^1 


B -016 


•032 


•056 


■088 


•132 


■188 


■258 


•343 


•445 


■566 


•707 


•870 


1-05 


1-27 


150 


27^5 


^^^^^^1 


■016 


•030 


•051 


•084 


•126 


-178 


■246 


•327 


•425 


•540 


■673 


•834 


•998 


1'21 


1-42 


28 


^^^H 


a -014 


•029 


•048 


•080 


•120 


•169 


■234 


•311 


•404 


•514 


■641 


•801 


•940 


1-15 


135 


28-5 


^^^^ 


•013 


•027 


•046 


•076 


•114 


•161 


•222 


•295 


•384 


•488 


•609 


•768 


•899 


1-09 


128 


29 


^^^^^k 


5 -013 


•026 


•044 


•072 


•109 


-153 


•210 


•279 


•363 


-462 


■577 


■735 


•856 


l-OS 


l-2-i 


a a -5 


^^^^^1 


•012 


•025 


•043 


•068 


•102 


•145 


■199 


•264 


■343 


■436 


•545 


•702 


•813 


•975 


1-16 


30 


'^^^^^1 


6 Oil 


•023 


•040 


•064 


■097 


•138 


-IS9 


•253 


-322 


■417 


-521 


•664 


•777 


•931 


110 


30-5 


^^H 


•OH 


•021 


•037 


•060 


•092 


•131 


•179 


•242 


■301 


■398 


-497 


•626 


•741 


•887 


1-03 


31 


^^H 


6 -OIO 


•020 


•034 


•056 


■oes 


•125 


•169 


"231 


-280 


•379 


-473 


•588 


•705 


-843 


-998 


31-5 


^^H 


•010 


•019 


•032 


•033 


•084 


•119 


■160 


■220 


-260 


•360 


-450 


•550 


■670 


•80O 


•930 


32 


^^^1 


B -OIO 


•019 


•031 


•052 


■083 


•116 


■155 


■210 


•250 


•350 


•420 


■530 


•660 


•780 


•920 


32-5 


^^^1 


•010 


•01 S 


•031 


•051 


•080 


•lis 


■150 


•210 


•250 


•34U 


•410 


•520 


•650 


•770 


•900 


33 


^^^1 


6 -009 


•018 


•030 


•049 


■076 


■108 


•140 


•190 


•240 


■330 


-410 


•490 


•620 


•730 


•860 


33-5 


^^^1 


•009 


■017 


•029 


■047 


■072 


•102 


-140 


•18(1 


•230 


•310 


•380 


•470 


•590 


•690 


•820 


34 


^^^1 


B -000 


•017 


•028 


-045 


•068 


•096 


•130 


■170 


•220 


■290 


•380 


•440 


•560 


•650 


•770 


34-5 


'^^^1 


•008 


•016 


■0-J7 


•043 


'064 


•091 


•125 


•166 


•216 


■275 


'343 


•422 


•544 


•614 


■729 


35 


^^^1 


k *oo« 


•ois 


•025 


•041 


•0f2 


■088 


•119 


■160 


■209 


•266 


•332 


■405 


•525 


•593 


■705 


35-5 


^^^1 


•007 


•015 


•023 


■040 


■060 


•OSS 


•113 


•156 


■202 


•257 


•319 


•390 


•505 


•573 


•680 


36 


^^^1 


» -007 


•014 


•022 


•039 


•058 


■082 


•107 


•150 


-195 


•248 


•307 


•374 


•485 


•553 


•655 


3f.^5 


^^^1 


•007 


•014 


•021 


•038 


•056 


•079 


•103 


•145 


•188 


•239 


-296 


•359 


•465 


•633 


•630 


37 


^^^1 


i -006 


•613 


•020 


•037 


•054 


'076 


■099 


•139 


•181 


•230 


•285 


•343 


•444 


•512 


•605 


37-5 


^^H 


■006 


•012 


•020 


■036 


•051 


-073 


•096 


•134 


. -173 


•821 


•274 


•328 


■434 


•492 


•580 


38 


^^^^ 


1 -(Kie 


•012 


•019 


■034 


•049 


•070 


•093 


•128 


'166 


•211 


•263 


•312 


•403 


■472 


•555 


38-5 


^^^1 


■W5 


•Oil 


•018 


•033 


•047 


•06! 


■089 


•123 


•159 


-202 


•252 


•297 


■382 


•451 


■530 


39 


^^^1 


1 "005 


•010 


■017 


■032 


•045 


064 


■086 


■117 


•152 


-193 


-241 


•981 


•362 


•431 


■505 


395 


^^^1 


mo 


'016 


' -031 


•043 


•061 


■083 


•112 


■145 


■184 


■230 


-266 


•342 


■411 


-480 


40 


^^H 




^^ ^^ 
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CHAPTER VI. 



EXPLANATION OF THE TABLES. 



Having giTen these exteniife tablet, we now proceed to expUtn their me, 
to mentioD the formols from which tbej are derived, and to apply them to 
a particular example. The particular example which we shall select is 
that of an eo^e having 8 feet stroke and 64 inch cylinder. 

Table at page 125. — This is a table for giving the breadth of the web of 
the crank at paddle centre ; that is to say, the breadth which the web would 
have if it were continned to the paddle c«ntre. Suppose that we wished 
the breadth of the web of crank of an engine whose stroke is 8 feet and 
diameter of cylinder 64 inches. Under the column marked 8, and in a line 
with C4, there stands the number 17*99. Hence, according to the table, 
the proper breadth of the web of cnutk at paddle centre would be about 18 
inches. 

This table is calculated from the following rule, which give* the proper 
breadth for an engine having any length of stroke and diameter of cylinder. 

Birut. — To find the breadth of crank at paddle centre. Multiply the 
aqmm ^ihe length <}flhe crank in incfiai by r661, and tlirn multiply the 
9qmm «/ the diameter of cylinder m inche-it by -ViSa -, muittply the n/uare 
ntft of the turn of Iheee prodmett by the ttpuirt of the diameter of the 
nffHmaer in imchee t dimdi the product by 4.'> ; JtHoliy ejrtract the cube root 
if tin fMotMtU. Tht rttidt u Ikt breadth of the web of cranh at paddle 
etittrt. 

Thus to apply this rule to the particular example which we have selected, 
«• hare 

48— length of crank is inches. 
48 

aS04 

1-561 vooostaat multiplier. 



3«»6-5 
50S-8 

4108-3 



(4 a diameter of cylinder. 
M 

4096 

•IMS ■■ constant multiplier. 

505-8 



and ^^4103-3 - 64-05 nearly. 

4096 — square of the diameter of the cylinder. 
45 ) a6»348-5 
58a»-«7 



and .y'SSSV-S? - 18 Marly. 

Thbbatpofe 196 This is a table for giving the proper thicknesa of 

tbe large eve of crank in inches. Suppose that we wished the proper 
thickness of the \tTgr eye of crank for an engine whole stroke is 8 feet 
and diameter of cytiodcr 64 inchea. Under the column marked 6 and in a 
liiw vitb 64, there stands the number 5-77. Hence, according to the table, 
tkeareper thkkncas for the large eye of crank is about .%) indiea. 

Tliia t^ke is calculated ftxmi tlie followmg rale, which gives the proper 
thicknesa of eye for cacinea of any leng^ of stroke and diameter of 
cylinder. 

R(n«, — To find the thicknet oflaroi eye oferanA. MMphi the equare of 
dbf Imftk ^ Oe croaA m indm if 1461, and then miiltipfy the uptare of 
ale immttir V *'^ qfUmder m mcm* bp -IS-'i.s ; m>dt,f>li/ the turn oftheae 
fnimti if m» fmn ^ ^ ditmukr if the cylinder in inehettqfieruanU, 



divide theproductby 1828-28 ; iioide this quotitnt by the length of*« ermk 
in inche* ; finally extract the cube root of the qnotiemL T%e riedt m t» 
proper thichuMi of the large eye of crank in inches. 

llkus to apply this rule to the panicular example whicb we kave i 
we have 

48 •• length of crank in inches. 
48 

S304 
j-561 —constant multiplier. 

S696-5 

goa-8 

410S-3 

64 °> diameter of cylinder in inchea. 
64 

4096 

■l23S=c<mBtant moItlpUer. 

505-6 

4103-3 

4096 » square of diameter. 

48) 168 03020-8 

1826-28 ) 350062-94 

191-47 



and ^ 1 9 1-47 B 5-77 nearly. 

Table in page 127 — This is a table for giving the proper I 
the web of crank at fmddle shaft centre ; that is to say, the thickneat ^ 
the web oucht to have if ctmtinued to centre of the shaft. Soppoae 
it were required to find the proper thickness of web of eraok at ahm 
for an engine whme stroke is 8 feet and diameter of cylinder 64 I 
Under the column marked 8, and in a line with 64, there staada the ) 
S-97. Henoe, according to the m1«, the proper thickness oi the wc^ at 
ahaft centre wirald be about 9 inches. 

This table ia oateolated from the following rule, which givta the p w f T 
thicknces for all naes of engines. 

UVUL'-Thfind the thickneu of the web of cranh at paddle ika/kemm, JfA 
tadg Ae eqmire of the length of cranh in inchea bv 1-561. OM lAa MdlM 
VK eqnare of the diameter in indue by -1235 : miJltjily the *Vi*»** nnf ^M 
turn of these produclM by the equart of the diameter iif the rynnder as taoHj 
divide thi§ quotient by 360 ; finally extract the cube root ^ As fViiaL 
The ruutt is die thichnes* ofthe'u-eb of crank at poddtt th^/i am^tm 
inche*. 

Thus to apply the rule to the particular example whkh we have adediA 
▼ebave 

48 » length of crank in inches. 
48 



8304 
1-561- 


MBstant multiplier. 


605-8 
4102-3 




64 - 
64 

4096 
•1935 - 


constant multiplier. 



505-8 
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I 



Ani v'4103-3bG4-05 nearly 

4096 > square of diuneter 

360) 2623<B-5 

72S'7« 



And yTi»7i~9 nearly. 

Tabl« ID page 128 — This u a table for flndiog the proper diameter of 
tbe paddle shj^ Journal. Snppow that it were required to fiad the proper 
4iainct«r for the pnddle shaft jouraal of an engine whose stroke is 8 feet 
•od diameter of cj'Under 64 inchei. In the column which is headed 8, and 
in a line with 64, there stands the number I4'06. Hence, according to the 
rule, the proper diameter of thtr paddle sliaft journal is 14 inches. 

This tabic is calculated from the following ntle, which gives the proper 
diameter of the journal for engines of all sizes. 

RtTUC. — To find the diameter of the paddle $ka/t journal — Multipitf the 
sf ucirt of the diamettr of cylinder in incfia by the length of die crank in 
imeke* ,- extract the cube root of the product ; finally, multiply the re»utt by 
'242. The final product iM the diameter of the paddle uhafl journal in inche*. 

Tboa, (0 apply this role to the particular example which we have selected, 
vt hare 

64= diameter of cylinder inches. 
64 



4096 
48. 



'length of crank in inchea. 



196608 



I 



and ^196608 -58148 
bat 58'U8>c242 = 14-07 inches. 

Table in page 120. This is a table for determining the length of the 
faddle shaft journal. Snppose it were required to find the proper length 
of tlw paddle shaft journal for an engine whose stroke is 8 feet, and 
dinnctcr of cylinder 64 inches. In the column headed 8, and in a line 
vilh 64* there stand.<t the number IT'i^y. Hence., according to the table, 
thcpraper length of the paddle shaft journal would be about 1 71 inches. 

Tills table is calcdlated from the following rule, which serves tor engines 
of all sites. 

Boix. — To find the length ef the paddle uliafl journal. — Multiply (Ac tqttare 
<tfthe diameter of the cylinder in iiuchu by the length of the craith in incAes; 
extract the cube root of the quotient ; multiply the retwt by '303. TTuf pro' 
Atet i» the length of the paddle shaft journal in inches. (77le length uf the 
paddle thafi journal i* 1| lime* the diameter.) 

To apply this rule to the example which we hare selected, we have 

64 >: diameter of cylinder in inchea. 
64 

4096 
48 = length of crank in inches. 

196608 

and ^196608-58-148 
;. length of journal » 58 148 x -303- 17*60 inches. 

Tallica in pages 130. and 131.— These tables gire the proper dimensions 
^mmm «( those parta which do not depend upon (lie length of the stroke. 
h were required to find the proper dimensions of the respective 
parts of a marine engine the diameter of whose cylinder is £4 mches. 
llere. in a line with fi4, we find successively, 

Diameter of crank-pin journal — 90-0 inches, or about 9 inches. 

Length of crank-pin journal — 10-18 inches, or nearly ln^ inches. 

Breailtb of the eye of croes-head- 3-64 inches, or between 2J and 2] 
inelkea. 

]>epth of the eye of croas-head— 18-37 inches, or very nearly 18J 

Diameter of the journal of cross-hemd "b'i inches, or 5) ioches. 

I;<ength of journal of cross-head '^(j' 19 inches, or very nearly 6{ inches. 

Thickness of the web of cross- bead at middle = 4-6 inches, or somewhat 
more than 4j inches. 

Breadth of web of croas-head at middle— 17-15 inches, or between 17^^ 
•ad 17i inches. 

Thickneaa of web of cross^head at jonmal— 3-93 inches, or very nearly 
4 inches. 

Breadth of web of cross-head at joamalir6'46 inches, or nearly 6| 
inches. 

Diameter of piston rod = 6-4 inches, or 6| inches- 
Length of part of piston rod in piston — 12*8 inches, or 12| inches. 

M^jor diameter of part of piston rod in cross-head — 06-8 inches, or nearly 
•^inchiML 

Jfinar diameter of part of piston rod in cross-head — 5-76 inches, or 5} 
inches. 

Major diameter of part of piston rod in piston = 8 -96 inches, or nearly 9 
inches. 

Minor diameter of part of piston rod in piston — 7*36 inches, or between 
7) and 7) inches. 





Depth of gibs and cotter throngh eroaa-lieaid— 6*72 inchai, or rery nearly 
6} inches. 

Thickness of gibs and cutter tfaroagh cross-head- 1*35 inches, or be- 
tween \\ and 1^ inches. 

Depth uf cutter through piston— 5*45 inches, or nearly 5{ inches. 

'Hiickness of cutter through piston = 2 -24 inches, or nearly 2| inches. 

Diameter of connecting rod at ends— 6*08 inches, or nearly 64, inches. 

Migor diameter of part of connecting rod in cross-tail— 6 27 inches, or 
about C| inches. 

Minor diameter of part of eooneeting rod in cross-tail - 5-76 inches, or 
nearly 5] inches. 

ISri>adth of butt-9-98 inches, or Tery nearly 10 inchea. 

Thickness of butt = 8 inches. 

Mean thickness of strap at cutter— 2*75 inches, or 8] inches. 

Mean thickness of strup above cutter -2-06 inches, or somewhat more 
than 2 inches. 

l^iKtance of cutter firom end of strap— 3*08 inches, or Tery nearly 3^ 
inches. 

Breadth of gibs and cutter throtigh cross-tail— 6-73 inches, or very 
nearly GJ inches. 

Hreadih of gibs and cutter throngh butt -7 -04 inches, or somewhat 
more than 7 inches. 

Thickness of gibs and cotter throngh butt- 1-84 inches, or between IJ 
and 2 inches. 

These tables are calculated from the following rales, which give comet 
results for all sizes of engines. 

RcLE 1. — To find the diameter of erank-pin journal,— MnUpllf the diamettr 
of the cylinder in inches hj) *I42. Tht ruult is the djamtter of cntnA-pin 
journal in inches. 

RcLE 2. — To find the Irnrfth of crank-pin journal. — Multiply the diameter 
of the cylinder in inches by -16. Tht jrruduct is the length of the cranh-ptn 
journal in inches, 

RiTLE 3. — To find the breadth c^f dkttyt of erota-head. — Mitttiplu the dia- 
meter of the cylinder in inches *y -04 1. 7%« product is the breadth of the 
eye in inches. 

RcLK 4. — To find the depth of the eye of cross-head. — Multiply the diameter 
of the cylinder in inches by -286. The product is the depth of the eye of 
crosS'head in inelus. 

RetLE 5. — To find tite diameter of the journal of crosi-head, — Multipbf Ae 
diameter of the cylinder m tacA«i by -086. The product is the diameter of 
the journal in inches. 

RuLK 6. — To find the length of the journal of crots-head. — Multiply the dim- 
meter of the cylinder in indies by -097. The product is the length of tk» 
journal in inches. 

RtTLR 7. — To find the thickness of the web of cross-htad at middle. — Mul- 
tipljf the diameter of the cylinder in larAcji by '072. 7%e product is the thick- 
nut of the web ofero ot he ad at middle in inches. 

Riruc 8.— To find the breadth of web of cross-head at middle.— Multiply At 

diameter of the cylinder in inches by -268. The product i$ At hrmdA ^ 

the web of cross-head at middle in imeheo. 
Run: 9. — To find the thiekneas of the toei of crott^hoad at journal. — Mui- 

liply the diametrr of the cylinder in uschu by -061. TKt product is the 

t/iickneia cf the web of cross head at journal in inches, 
RcLE 10. — To find the breadth of web of cross-head at journal — Multiply 

the diameter of the cylinder in inches by -101. The product i* the brteuUk 

of the web of cross-head at journal in inches. 

Rri.E II. — To find the diameter of the piston rod. — Divide the diamettr i(f 
the cylinder in inches by 10. The quotient is the dianuter <f the piston rod 
in inches. 

Rule 12. — To find the length of the part of the piston rod in the piston. — 
Divide the diameter of the cylinder in inches by 5. The quotient is the 
length of the part of the piston rod in the piston in inches. 

Rri-E 13. — To find the major diameter of the part of piston rod in enes- 
hntd. — .Miilli/ity the diomtter <ff the eybndrr in inches by -ottS. The pm- 
duct is the major diameter «f Ae part of piston rod in cross- heatl in inches. 

RrLE 14. — To find the minor diameter of the part of pintom rod in eroeo- 
head. — Multiply the diameter of the cyfindrr in inches by -09. TTie mv 
duct is the minor diameter of the part of piston rod in cross-htad in inckm. 

Rc7LE 15. — To find the major diameter of the txtrt of piston rod in pisHm. 
— Multiply the diameter of llir cylinder in inches by -14. The product is 
the major diameter of the part of the piston rod in piston in inches. 

Rin.T. 16 To find the minor diameter of the part of piston rod in piston, — 

Multiply the diameter ofths cylinder in inches by -115. The product is the 
minor diameter of the part of piston rod in piston. 

RrLK 17. — To find the depth of gibs and cutter through cross-head, — Mul- 
tiply the diameter of the cylinder in inches, by -103. The product is A* 
depth uf the gibs and cutter through eross.head. 

Rule 18. — To find the thickness of the gibs and cutter thrcugh eross-head,— 
Multiply the diameter of the cylinder in inches, by -021. The product is 
the thickness of the gibs and cuttw through cross-head. 



im 



Erpianatum of the Tables. 



RcLC 19. — To find the dfpth of cutttr through pUttm. — MuUip(y the 
dtameler t^f tint cylinder tn inrhfj by -085. The product u the depUi of the 
eutttr through pixton in inrht*, 

ItrLK so To find Itie ifiirknfM of cutter through pUtcm. — Muttipli/ the 

diamrirr of the ri/lutdtr in tnclit* uy -035. The product u lAe thichiui of 
cutttr through pinlun <n itictieM. 

HuLB SI. — To find the diameter of connectmei rod at ends. — Multiply tha 
diametfr of the cylimier in iwhet by "095. The product it the diameter of 
tht ecnttecting rod at endt m iitchet. 

SVLR 29. — To find the major diameter of Iht part of eomtcting rod in 
erou-taiL — Multiply tite itiumrttr of the cylimler in incht* by -098. Tha 
product u the major diameter of the jtart of cvnnecting rod in crou-tail. 

Rule 23. — To find A* wmer diameter of the pari of connecting rod in cro**- 
tail. — Multiply the diameter of the cylinder in inches by -1)9. The product 
is the minor diameter oftfie pttrt ofconntcling rod in erots-tail in inches. 

Role 24.— 7o find the breadth of butt. — MvUiply the diameter of tha 
cylinder i» iuehu by '136. The product is the breadth of the btttt in 
inches. 

RlTLK 2.'5. — To find the thickneat of the butt. — Divide Ifie diameter of the 
cylinder in inches by 8, The quotimt is the thickness of the bull in inches. 

Rtri.it 2fi. — To find tha mean thickne** of the strap at cutter. — Multiply ifie 

dinmeirr of the cylinder in inches by ■043. The prtuluci is tlte mean thick- 

uejut of the strap at cutter. 
RlTLX 27. — To find the mean thickness of the strapabotm cutter — Mul- 

tiflf At diameter t^lhe cylinder in inches by '033. The product is the mean 

ntebieea t^tke «trap above cutter. 
jLtjtM SB. — To find the distance nf cutler from end of strap. — Multiply the 

diameter of the cylinder in inches by '048. The product is the distance of 

cutter from vnil uf ttrap in inches. 
RcLC 29. — To fiml the bmulth of the gibs and cutter through crost-taU. — 

Sfulhply the diameter ofUu cyUitder in inches iy '105. The product is tha 

breadth of the ffOe and cutter Anmgh eroae-laiL 

RcLR 30. — To find the hrtadth of the giba and cutter through butt. — Mtd- 
lifdy the iluimctrr of the cylinder in inches by -It. Tlic product is the 
breadth of the giba and cutter through butt in inches. 

RlTLK 31. — To find the thicknam of the gibs and cutter through butt— Mid' 
tiply tha diameter of the cylinder in inches by -029. The product ia the 
tiichuua iff thr gilts and cutlrr tlirvuyh butt tn inches. 

Table in page 132 — Tbu first fi»ir columns of this table are M>a>e p»rt« 
of the engine which An nnt 4k'f«'nd upon ihe stroke. Suppose it were 
ivqaired to find the thickneM rif xhv small ej-v of crank for an engine the 
diaineter of irhow cylinder i« C4 inches. Here, in the column headed 
Breadth of Small Eye of L'mnk, and in a line with 64, there fttand« the 
number 4*04. Hence, according to the table, the proper thickness of the 
small eye of crank is about 4 inches. Again, suppose it were reqnit«d to 
find Ihe length of the small eye of crank. Id (he column headed Length 
of Ditto, and in a line with 64, there stands the number 11*94. Hence, 
according to the table, the proper length of the small eye of -crank is nearly 
IS iocbesL Again, supposing it were required to find the proper thickness 
of the web of crank at pin centre ; that ii to say, the thickness which it 
srould have if continued to the pin centre. In the colamo headed Thick- 
ness of Wtb of Crank at Pm Centre, and in a line with 64. there stands the 
number 7 -04. Henc«, according to the table, the proper thickness for the 
web of cnuik at pin centre is aboat 7 inches. Again. Huppose it were re> 
quired to find the breadth of the web of crank at pin centre ; that is to sav, 
the breadth which it would have if it were coniinue<l to the pin centre. In 
the column headed Breadth of Ditto, and in a line with 64, there standi the 
Dumber 10-24, Hence, according to the table, the proper breadth for the 
web of erank at pin centre is about 10{ inches. 

These four columns are calcuUted from the following mlea, which give 
the proper dimensions for engines of all siies. 

RtiLK 1.— Tofiad Ike hrtadth of the tmaUrytof crank. — Multiply the dia- 
meter of tha ryUnder im mcbet by ti6\ The product is the proper breadth 
nf the small eye of crank im inehea. 

Brut 3. — To find the length ^ tha amoB tea of era»L — Multiply the dia' 
meter iff the cylinder in inches by '187. The pndact ia the proper letigth of 
ike sssafl eya of crank in inches. 

Riii.K 3. — To fimd the thtcknaaa of the web of crank at pin centre. — Mul' 
iifbj the duta»alar of tha e^inder m imehea by '\\. The prvduct u the proper 
ihH-knass of tha mA of erank at pin centre in inches. 

RrLB 4. — To find tha breadth of the reb of crank at pin centre. — Multiply 
Ihe diamattr of the cylinder in inches by -16. The jiroduct it the proper 
hemM ^tramk at pirn centra in inches. 

The other cotaouu In this page are osefyil fbr determining the proper 
diamrlrm of the sonaaeting rod and nde rod at middle frvim the corre- 
spondiitjii; diameters at ends. To illostrate the bm of these columns, let na 
take the prlinilar etatnpte of an snirine of • feel stroke and 64-tacli 
<-^lIll(Jt•^, and let us suppoae lh»t the lengtlt of Ik* connecting rod is 12 



feet, and the side rod 10 fecL Referring back to page 191^ weflndtW 
the diameter of the connecting rod at ends is 608, and the nlJo bctWMa 
the diiuneters at middle and ends of a connecting rod, whose length is II 
feet, is 1-5U4. Hence, the proper diameter at midd|e of the eaaae«i^ 
rod = 608x 1-504 inches<=9-144 inches. Again, referring to page lU. 
we find the diameter of cylinder side rods at ends, for (he partienlaf cagiae 
which we have selected, is 410, and the ratio between the dtamctena 
middle and cods of cylinder side rods, whose lengths are 10 feet, is 1-4X. 
Hence, according to the tables, the proper diameter of the cyliitdcr ai^ 
rods at middle is eqnal to 4-1 x 1-42 inchesaiS'89 inches. 

Table in page 133. — This table gives the dimensions ed aane of tksK 
parU of the engine which do not depend upon the stroke. Samose «v 
take the particular example of an engine the diameter of whose ejuaisr ■ 
64 inches. We find from the table, in a line with 04. that 

Diameter of cylinder Kide rods at ends>4'l inches, or 4^ indiK. 

Breadth of butt = 493 inches, or very nearly 5 inches. 

Thickness of butt =3iJ inches, or .3ft inches. 

Mean thickness of strap at CQtter»2-06 inches, or a little more tknl 
inches. 

Mean thickness of strap below cutter— 1*47 inches, or very nearly U 
inches. 

Depth of gibs and cutter = 5 '12 inches, or a little mot* than 5,^ inches. 

Tbkkoeas of gibs and cntter— 1-03 tncbos, or a little more than I loek. 

Diameter of main centre jonmaleii-ri inches, or very neoiiy 111 
inches. 

length of main centre jonmaloU'S inches, or I7J inches. 

Depth of eye round end stud.i of lever = 4-75 inches, or ^f inehea. 

Thickness of eye round end studs of lever = 3'33 inches, or SJ iochea. 

Diameter of end stod« of lever =.4-48 inches, or very nearly 4^ iachco. 

Length of end studs of lever = 406 inches, or between 4| and S jnrfcsi. 

Diameter of air-pump «tad8 = 2-91 inches, or neariy 3 inches. 

Length of air-pump studs =316 inches, or nearly 3^ inches. 

Thi» table is calculated from the following rules, which will be loaai 
give the proper dimensions for all siics of engines. 
RiaE I. — To find the diameter of cylinder tide rods at aada.— Midtip^ I 

diameter of the cylinder in inches by '065. The product ia the rfiawrtg 

t/ie cylinder side rods at ends in inches. 

Rule 2. — To find the breadth of butt in inches. -^ Multiply the dtaemtm 
the cylinder iu inches by '077. The product is the breadth iff tht Art 
inches. 

Rt LE 3. — To find the thickneta of the butt. — Multiply die diamiler ^ Urn 
cylinder in inches by -061. The product it tki ikiekum t^ tie taUm 

inchei. 

RuLS 4. — To find the mean thickness of »tmp at cutter.^- Mmilip^ t» 
diameter of the cylinder in inches by '032. The product ts tha OMOa fliM> 
neas of the strap at cutter, 

RlTLK 5. — To find the mean thickneta of strm Mow tmttar, jlfail^ lla 

diameter of the cylinder in inches by -023. The prodaet it the lamm i^eh- 
ness of strap below cutter in inches. 



Rule 6. — To find the depth of gibs and cutter. 

_ _ The 

in ineh^. 



the cylinder in inches by -08. 



Multiply the d 
product is the depth of giha 



Rule 7. — To find the thickness of gilts and cutter. — Multiply the ^mme^f- 
of die cylint^ in inchei AyOie. The product w the ihtchjuaa <ff da fda 
and cutter in inches. 

RtTLK 8. — To find Ihe diameter of the maim centre JomnuL — Makflf Ita 
diameter of the cylinder m inches ^ '183. The product u Ihe d^i^lar ^ 
the main centre journal in inches. 

RcLK 9.— To fiml the length of the main cemire jcarmaL—Multf^ ita 
diameter of the cylinder in inches by '275. The prodmct ia the dueamttr^ 
the cylinder in inches. 

Rule \0. — To fimd tha depth of eye round end atmb oflanr.^MJt^ ib 
diameter of the cylinder in inches by '074. Tha prodmet ia tit difA ef life 
eye round end studs of lever in inches. 

Rule 1 1. — To fimd the thickness of eye round end studs tjf teetr. — Muk^ 
the diameter of the cylinder in inches by '052. The product u Ika Ikcfas^ 
of eye round end ttuds of lever in inches. 

RtTLE 12.— To find the diameter of the end studs of lever. — M^*pl^ tm 
diameter of the cylinder in inches by -07. The prodmct ia the ifasiito ^ 
the end studs of lever in inches, 

RtTLB lS.~Tofind the length of the end etude of ' Vaffa^ tim 

diameter of the cylinder in inches by -076. Tha prixlmct is tha laa^m^dk 
end ttuda of lever in inches. 

Rule 14. — To find the diameter of tht atrjmmp theia, — M^l^tf tim 
diameter of the cylinder in inehea by -04S. 7m ptedaet ia tki dmme^ ^ 
the air-pump ttuda in inehea. 

RcLX 13. — To find the length nf the air-pump ttuda. — MMph tkt dbasMr 
of Ihe cytindtr in imche* by •Oi'). The prodmct ia the tm^m^lka «*>fl^M 
atudt in inches. 



Explanation of the Tablet, 



Tabl« in pige 134. — This table givM the proper depth in inches across 
the centre of the side lever, irhon, as is f;enersllr the case, the side 
Je^er is of east iron. It will be observed that the depth is msdc to depend 
apon the diameter of the cylinder and the lenf^h of the lever, and not at 
all npan the length of the stroke, except indeed in so far as the length of 
the lever may depend upon the length of the stroke. Suppose it were 
reqaired to find the proper depth across the centre of a side lever whose 
length is 20 feet, and the diameter of the cylinder 64 inches. In the 
column headed 20. and in a line with 64, there stands the number SS'Se. 
Hence, according to the table, the proper depth across the centre would be 
about .39 1 inches. 

This table is calculated from the following role, which wiU give the 
proper dimensions for any size uf engine. 

JltTLC — To find the drpth arroa* the centre of tht tide lever. — Multiply the 
Itngtk <ff the tide lever in feet by -742.3 ; extract the cube root of the product, 
OM rcsCTM the result for a multiplier. Then ajuttre the ditimeL'r of tiie 
p^ader m tncAes ; extract tfte cube root of tfte rennli. The product of the 
foul Tttull and the reaerved multiplier is the depth of the fide lever in inchee 
Qcrvu the centre. 

Thos to apply this rule to the particular example which we have 
«dec1ed, we have, 

20 = length nf side lever in feet 
■7423 = constant multiplier. 

14-846 

and^I4-846-3-458 nearly. 
64 = diameter of cylinder in inches. 

64 

4096 



and>'409«-16 
Hence depth atcentre = 16 k2-4S8 inches>39'3S inches, or between S9\ 
aad 39^ inches. 



Table in page 135. — This table gives the dimensions of several of the 
psrt* of the air-pump machinery which depend upon the diameter of the 
cylinder only. To illustrate the use of this table, let us take the particular 
example of an engine the diameter of whose cylinder is 64 inches. We 
tod from the table successively. 
Diameter of air-pump = 38-4 inches, or 38] inches. 
Thickness of the eye of air-pump cross-head— 1*58 inches, or a little more 
tlian 1 [ inches. 
Depth of eye of air-pump croas-heada 1 11)1, or about 1 1 inehet. 
Diameter of end journals of air-pump crx)eft-head«i3'29 inches, or some- 
what more tban - | inches. 
Length of end journals uf air-pump cross-head = 3'7 iDches, or 3^ inches. 
Thickness of the web of air-pump cross-head at middle^276 inches, or 
a little more than 2\ inches. 

Depth of web of air-pump cross-head at middle^ 10*29 inches, or ionie- 
«hat more than 10^ inches. 

Thickness of web of air-pump cross-head at journals 2*35 inches, or 
Aboat 2| inches. 

Depth of web of air-pump cross-head at journal — 3 "89 inches, or about 
3| inches. 

Diameter of air-pmnp piston rod when made of copper =i 4*27 inches, or 
%bout 4} inches. 

Depth of gibs and cutter through air-pomp cross-bead— 4*04 inches, or a 
'Ulle more than 4 inches. 

Thickness of gibs and cutter through air-pomp cross-head » -SI inches, 
or about ] inch. 

Depth of cutter through piston— 3*27 inches, or somewhat more than 3{ 
inches. 

Thickness of cutter through piston = 1*34 inches, or about 1} inches. 
This table is calculated from the following rules, which give the proper 
^iBicntions for all sises of engines : 

KoLsl To find the diameter of the air pump. — Multiply ihe diameter of the 

eylinikr in inches by '6. The product is the diameter of the air pump ta 
incha. 

llrLE 2. — To find the ihicknemt of t/ie rye of air-pump cros$~head. — Multiply 
the diameter of the cylinder in inches by 'V2j. The product in the litichne** 
of the eye of air-pump cross-head in incluji. 

KtrtC 3. — To find the depdt of eye of nir-pump cross-head. — Multiply the 
diameter if the cylinder in inchen by '171. The product is the depth of tlit 
eye of air-pump CTona-liead m inches, 

KtrLB 4. — To find the diameter of the joumatt of air'pump cross-head. — 
Multiply the dinmeler of the cylinder in ijtcA«f by Obi. TTte prodMct is 
the diameter of tlie end journals. 

RrLE 5. — To find the lentftJi of the end journals for air-pvmp cros»-head. — 
Multipli/ the diameter of the cylinder in inches by '058. The proiluct is the 
Unt/tti of tiie sir -pump cross-head journals in inches. 
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Ret* 6. — To find the thickness of At weh of air-pump cross-head at middle. — 
Multiply the diameter of the cylinder in inches by -043. 7'Ar product is the 
thickness at middle of the web of air-pump cross-head in inches. 

Riri.E 7. — To find the depth at middle of the web of air-pump crass-head, — 
Multiply the diameter of the cylinder in im^hes by * 1 6 1 . The product ts the 
depth at middle of air-pump cross-liead in incites. 

Rule 8. — To find the thickness of the ureb of air-pump erosS'head at journals. 
Multiply tke diameter of the cylinder in inches by '037. TTte product is the 
thickness of the web if air-pump cross-head at journals in incites. 

Rule 9. — To find the depth of l/te air-pump cross-head veb at journals. 
Multiply the diameter of the cylinder in incites by '061. The product is 
the depth atjounuils of the web of air-pump cross-head. 

Rule lO. — To find the diameter of the air-pump pisUm rod when of cttpper. 

— Multiply the diameter uf the cylinder in inches by '067. The product is 
the diameter of the air-pump piatun rod, when tf copper, in inches. 

Rdle H. — To find the depth of gibs and culler through air-pump cross-head, 

— Multiply the diameter of the cylinder in inches by "OSS. Tne product is 
the depth of the yibt and cutler through air-pump cross-head in inches. 

Rdlx 12. — To find the thickness of the gibs and cutter through air-pump 
cross-head. — Sfultiply the diameter of the cylinder in inches fry '01 3. The 
product is the Utickness of the gibs and cutter in inches. 

Rdle 13. — To find the depth of cutter through piston. — Multiply the 
diameter of the cylinder in inches by "051. The product is the depth of the 
cutter through piston in inches. 

RtTLE 14. — To find the thickness of cutter through air-pump piston, — Mul- 
tiply the diameter of the cylinder in inches by -021. The product u the 
thickness of the cutter through air-pump piston. 



Table in page 136. — The Urst seven colnmns of this table give the 
dimensions of the remaining parts of the engine which do not depend upon 
the stroke. To exemplify their use, suppose it were required to find the 
corresponding diniensiona for an engine the diameter of who«e cylinder is 
64 inches. In the column headed " Diameter of Air-pump Side Rods at 
Ends," and in a line with 64, there stands the number 2-48. Hence, 
according to the table, the proper diameter of llie nir-pump tide rod would 
be about '^1 inches. Again, in the column headed " Breadth of Butt," and 
in a line with 64, there stands the number 2*95. Hence, according to the 
table, the proper breadth of butt i.t very nearly 3 inches. Again, in the 
column head«d " Thickness of Rutt," and in m line with 64, there stands llif 
number 2-35. Hence, according to the table, the proper thickness of bntt 
is between 2^ and 2j inches. Again, in the column headed " Mean Thick- 
ness of Strap at Cutter," and in a line with 64, there stands the ncmbt'r 
1*24. Hence, according to the table, the mean thickness of strap at cnttt-r 
ought to be about l^ inches. Again, in the column headed " Mean Thick- 
ness of Strap below Cutter," and in a line with 64, there stands the Dumber 
*91. Hence, according to the table, the mean thickneta of strap below 
cutter is about -1^ of an inch. In the column headed " Depth of Oiba ud 
Cutter," and ia a line with 64, there stands the number 2*94, Hence, 
accordiug to the table, the proper depth for the gibs and catter is very 
nearly -i inches. Firjally, in the column headed " Thickness of Gibs and 
Cutter," and in a line with 64, there stands the number 63. Hence, 
according to the table, the proper thickness of the gibs and catter is about 
I inch. 

These colnmns are calculated from the following rules, which give the 
correct dimeii.'iions lor all sizes of engines : 

Rl'LG 1. — To find the diameter of air-pump side rod at ends. — Multiply the 
diameter of t/te cyliniler in inches by *039. The product is the diameter of 
the air-pump side rod at ends in inches. 

Rnuc 2 To find the breadth of butt for air-pump. — Multiply the diameter 

of the cylinder in inches by *U46. 77i« product is the breadth of butt in 
inches. 

Rule 3. — To find the thickness of butt for air-pump. — Multiply the dia- 
meter of the ailimler in inches by 'Oa". The product is the thickness of butt 
for air-pump in inche*. 

RtTLR 4. — To find the mean Oiickness of strap at cutter. — Multiply the dia- 
meter of the cylinder in inches by -019. The product M the mean thickness 
ofitrap at cutter for air-pump in inches, 

RdLE 5. — To fintl the mean thickness of strap l>elow cutter. ■ — Multiply th* 
diameter of the cylinder in inches fry -014. The product is the mean thick- 
ness of strap below cutter in inches, 

RiTLE 6. — To find the depth of gibs and cutter for air-pump. — Multiply th* 
diameter of the cylinder in inches by *048. T%e product is the depth of gibs 
and cutter for air-pump in inches. 

RcJLE 7. — 7b find the thickness of gibt and cutter for air-pump. — Dividt 
tlie diameter of the lylinder in inches by IW. The quotient is the proptr 
thickness of the gibt aad cutler for air-pump in inches. 



Explanation of the Tablet. 



With regvd to the other colnmns of this page, thrjr are made to depend 
•poD the nominal horse power of the engine. Suppote that we take the 
partieuUr example of aa cni^ine whose stroke is 8 feet, and diameter of 
cylinder 64 ii)chi.-i. Referring back to the table giTfi) in pages 96 and 97, 
we find that the nominal horse power of this engine is nearly 175. Hence 
we find from the table succetsivel}'. 

Diameter of valTe shail at journal in inches «'4*85, or between 4| and 5 
inehea. 

Diameter of parallel suNion shaft at jooraal in iaehca-3'91, or very 
nearly 4 inches. 

Diameter of ralve rod in inches » 8*44, or about 2] inches. 

Diameter of radios rod at smallest part in inches— 1*97, or very nearlj 
t inches. 

Area of eccentric rod, st smallest part, in square inches— 8*37, or about 
^ square inehes. 

Sectional area of eccentric hoop in sqoore inches — 8 -7 S, or 8] square 
inches. 

Diameter of eccentric pin in inches =>2-24, or 3( inches. 

1)n.*a<Ub of vslve lerer for eccentric pin at eye in inches — 3*7, or very 
nearly !t\ inches. 

Thickness of ralre IcTer for eccentric pin at eye in inches =■ .3, 

Breadth of pumllel motion crank at eye — 4*3 inches, or very nearly 4^ 
inches. 

Thickness of parallel motion crank at eye— 176 inches, or aboot 1] 
inches. 



Table in page 137. — This table gives the area in square inches of each 
steam port. Suppose it were required to find the area of each steam port 
for an engine whose stroke is 8 feet, and diameter of cylinder 64 inches. 
In the column headed 8, and in a line with 6i, then stands the number 
SOS'Sfi. Hence, according to the table, the area of each steam port would 
be about 20S| square inches. 

With regard to tlie rule (hm which this table is calculated, wc may 
rvraark that the area of (he steam port ought to depend principally upon 
the cubical content of the cylinder, which a^in depends cntiroly upon 
the product of Ihe square of the diameter of the cylinder an<l the length of 
the stroke of the engine. It it well known, however, that the quaolity of 
steam admitted by a small hole does not besr so great a proportion to the 
quantity admitted by a larger one. as the area of the one dors lo tbo area 
of the other ; and a certain allowance ought (o be made for this. In the 
■baenoe of correct theoretical wformstion on this point, we have attempted 
to make a proper allowance by supplying a constant ; hut of course this 
plan ought only to be regarded as an approaimation. Our rule is as foU 
lows : 

RmLK. — To find A* ana of taeh tteamoort — Multiply the mpttire of Ike 
diameter of At cyiiitder in inches 6y tAe tatglk of the Hrttie in feel ; multiply 
Out prnlwrt by \\ \ dipidt the kul prtdmet iy ISOO ; and, fimiUy, to Ihe fw^ 
rtent add 9. The resull it the area of each steam port in tquart tMcAu. 

To show the nse of this rule, we shall apply it to a particular example. 
We shall apply it to an engine whose stroke is 6 feet, and diameter of 
cylinder 3U inches. Then, according to the rule, we have 

aO«diam«ter of the cylinder in inehea. 
80 

900 — square of diameter. 
S -length of struke in feet 

»400 
It 



59400+ 1800 -33 

8 -constant to be added. 

41 aiim of steam port in square inches ; 

vbteli agrees with the area gtren in the tables. 

When the length of the opening of steam port is (Vom any eircnmstanee 
Amnd, the corresponding depth in inches may be found, by dividinfc the 
number given in the table, as corresponding to the partirular engine, by 
the given length In inches : conrentely, the length may be found, when for 
•PMC rea*<in or other the depth is fixed, by dividing the number given in 
the lablr, ss corresponding to the particulsr engine, by the given depth in 
inches: the quotient is the length in inches. 

Table in page 138. — This table is usefiil for determining the diameter of 
lb« steMB ptpr branching off to any particuUr engine. Suppnee it were 
tvqiilred lo find the diameter of the branch steam pipe for an engine whose 
■trwe ia » feet, and diameter of cylinder 64 inrbrs. In the column headed 
(, and ia a line with 64, ihene stands the number 13- 16. Ilenee, aocording 
to the taUc, the proper diameter of the steam pipe would be between 13 
and I3| iriebes. 

With regard to the role fWnn which the table is calculated, we would 
tnakf the same remarks as those we have made upon the rule for calcn- 
lating the (able la patg* IS7. The following rule will be found to give the 
proper iliaaniT* of stcaa-pipe fbr all aiacs of engines^ 



RiTLB. — To findlht Hametir of hranch Heam pipe. — JUmltipljf I 
mpiare of the diameUr of the cylinder in inchet, the tsMtk iff tk» t 
feet, and -00498 i (o (he product add 10-2, and trtraci lie aqt 
mat. The re**dt i* the diameter of the tteam ptpe m McAea, 

To exemplify the use of this rule we shall take aa enghw wboet $Oxk* 
is 8 feet, and diameter of cylinder 64 inches. In this case we hare m 
follows : — 

64 -diameter of cyliiulcr in incbea. 
64 
4096 — square of diameter. 
8— length of stroke in fret. 
3$768 

•0Q498 — constant multiplier. 
163'18 

10-a —constant to be added. 
l"3-38 

and */! 73-33 =1316, 
which agrees very closely with the number given in the table, 

Table ia page 139. — This table gives the diameter of several of i 
pipes connected with the engine. They art; made to depend upon 
Douitnal horse power of the engine. Suppose it were required ta aay > f ' 
this table to determine the sise of the pipes for two marine engiaea. VMe 
strokes are each 8 feet, and diameters of cylinder each A4 ioebea. Re- 
ferring to the table of nominal horse power in pages 96 and 97, we Bad 
the nuroinal horse power of each of these engines to be 174-3, or nwaiiy 
175 horse power. Hence, according to the table, we have in succcmmo. 
Diameter of waste water pipe- 15-87 inches, or betweea IS| 

and 16 inches. 
Area of foot-valve passage -323 square inches. 
Area of injection pipe— 14*88 square inches. 
If the injection pipe be cylindrical, then by referring to the Ubie 
24, wc see that its diameter would be about 4^ inches. 

Diameter of feed pipe e 4- 12 inches, or between 4 aiid4ii 
Diameter of wute steam pipe 12-17 inches, or nearly 1S[ incbea. 
Diameter of safety valve. 

When one is used — 1 4-05 iaehak 
When two are used — 9*94 IselMfc 
When three are used » 8'IS inoisea. 
When four are used — 7*04 inches. 
These columns arc calculated from the following rules, which will gis 
the correct -dimcnsiooa for all lisea of eagiae*. 

Rl-lk I. — To find ikt diameter nfmMa waltr pqtt. — Multiply llm tqmn 

root qflh* mominat hone power of the enffmt Of X'i. The pevdmct «• It* 

diamtltr pfUu waste water pipe la McAet. 
RtiLK S.— Tofimdthearea of faot.nUve patMft. — MdUiply iW wammd 

horet po^rtrjuf tkt ngims by 9 ; dtvidt Ikt pndmtt by S; mU t m dm 

quotient. The turn is the area vf ftot-oatve pottage « tqman ( 
RtTLK 3. — To find the area of injeetiem pipe, — MalHfdy the i 

power of the tngtac by V69 { to the product add Oil. 7^ turn it Ikt t 

of the injection pipe in square inches, 
RrLK 4. — Tu find the diameter of f red pipe. — Multiply the ■« 

ixncer of the rnuine by '04 ; to tlie prmturt odd 3 \ cj tract the nqmon ntt 

of Ihe sum. The remit U the diameter of the fttd pipe in inches, 
RcLE 5. — To find thr diameter of waste tieam pipe. — Multiply the ecOstim 

nominal horse power <f the atffimet Jhl -375 ; lo the product add 1AV7S) 

estract tlie square root of the sum. Thejimd result u tht dkuimUr i^ itm 

watte tieam pipe in inches. 
Rvuk 6. — To find the diameter of the m\f*ty vabm wktm oalf am it mii 

To tmt half tie eeUeciite mjmtmil kuntpesBtr g/'HW iiyMi mdH »•* i «■> 

tract Ihe square root nf (he sum. Tkt rtiult it tkt ^Master ^ llm t^fh^ 

vaht when vnly one is uttd. 
Rtrut 7.— Tojind the diameter of tkt eafbly waht mkm tea ore Mail— Jfa^ 

tiply the coliectire nominal horse power of the engines hy "85 ; lo tkt p e t d m t 

add 1 1 -25 ( extract the sifuare rvul of the turn. Tkt riudt is the Jiammlm 

of the t^fety valve when twv are used. 
RuLK 8, — To Ji»d Ae diameter of the safety valvt mktm Aret art mmdt — 

To one sir A qf'Ihe colleflive nominal horse power of the enyi»es odd 7'9> , 

titraet the square rout of the num. The rttidt it the diamtkcr of tkt *0*1f 

vitlve where three are uu»l. 
RcLK 9. — To find the diamilrr of the snfrty valve when fnmr art ^tsd.— 

Muttipfy the cvUeciire nominal horse potter ^f Qm tayiass Ajr 193 i to lie 
prodmtvtd !>%li : rstrr.ri tlie ttfuart rvot of tkt saa. Tkt rtmJt m U* 

diatttttr of Ae safety laiit when four mn mtd. 

Another rule for safrty-valves, and a prelerable one for low 
is to allow -8 of a circular inch of area per nominal horse power, i 
tioned at page 198. 

Table in page 140.^ — This is for determining the depth serosa the veh 
of the main beam of a land engine. Suppose we wished to find the propvt 
depth at the centre of tile main beam of a land engine whose main beats la 
16 feet long, and diameter of cylinder 64 iochefc In the columa 
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S, ud in % line with 64, there stands the otimber 46-17. Bence, according 
to tfaf table the proper depth o( the web across the centre is between 4& 
and 46 J inches. Referring back to the table in pape 1'I4, we find, in the 
column headed 16, uid in u line with 64, the number 36'51 ; tl>iu showing 
that the corresponding depth of a side lever is less by nearly 10 inches. 
The depth of the bead on edge of the beam varies in dilTereni engines, but 
the proportions of the example given at page 20S are cotncnouly employed. 
The table is cidcolated from the folluwing rule, which gives correct 
dimensions for all sixes of engines. 

Kl'US. — To find til* depth of the web at the ctntre of the main htam t^a land 
engine. — Multiply together the jupMre of the diamfter of tht cylinder in 
tndUt, half tilt length of the main beam in feet, and the number 3 ; extract 
tkeeube root of the product. The retult it the proper drplh of the web of the 
mam beam acrojm the centre in inekee, when the main beam i* cvnatructed of 
out iron. 
To illiutrate this mle we shall take the particular example of an engine 

whose main beam is 20 feet long, and the diameter of the cylinder 64 

inches. In thia case we have. 





64- 


diametei 


r of cylinder in inches. 




. M 








4096 « 


square of the diameter. 




10 = 


J length 


of main beam in feet. 




40960 








3> 


constant 


multiplier. 


1 


22880 










122880(49-714 - ^122860 


4 




16 


64 


4 




16 


58880 
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4 




1961 


5112 


130 




5961 


119 


9 




1242 


74 


129 




7203 


35 


9 




10 




138 




7S0 
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9 




10 




147 




741 





Table in page 141. — This table is for determining (he depth of the 
main beam across the ends. Suppose it were required to find the depth at 
ends of a cast-iroo maio beam whrise length is 20 feet, Irhen the diameter 
of the cylinder is 64 iDcht^s. In the coluBin headed 10, and in a line with 
64. there stands the number I9'85. Hence, according to the table, the 
proper depth would be between 19J and 20 inches. 

This table is calculated from the fbllowing rale, which gives the proper 
dimensions for all sizes of eogines. 
KuLK. — To find the depth of main bean at endt. — Multiph/ together the 

aqmare of Ae diameter of the tyliMder in inchen, half (he length of the main 

beam in feet, and the numher "192 ; extract the cube root of the product. 

The remdt it the depth in incka* t^f the maim beam at endg, when of cusl- 

irtm. 

To illastnte thla rule, let ns apply it to the particular example of an 
angise whose main beam is 20 feet long, and the diameter of the cylinder 
<4 inches. In this case we have as follows : 

64 =3 diameter of cylinder io inches 

64 





4096 > 


ssqaare of diameter of cylinder. 




10 = 


E^ length of 


main beam m feeL 




40960 








•192 = 


scoiutant multiplier. 
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7864-32(19 -89 -=>'7864*32 
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M59 
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300 


1005 


Jl_ 




851 


898 


30 




651 


107 


• 




433 




S9 




1083 




9 




4 




48 




112 




9 




4 





57 116 

M that, according to the rule, the depth at ends U nearly 20 inches. 



Table in page 142. — This table gives the dimensions of the feed-pump 
in cubic inches. It may be useful for determiuiug the diameter of tha 
pump when its stroke is given ; for, dividing tbe content of the feed-pump 
by the stroke of the pump in inches, the quotient is the area ; and fi-om 
thia area the diameter may easily be found by reference to the table in 
pages 24 and 25. Conversely, the table may be useful for delennining the 
stroke when the diameter of the pump is given ; for dividing the number 
in this table corresponding to the given engine, by the area corresponding 
to the given diameter, whi^-h area may be found from the table in pages 
24 and '25, the quotient is the stroke of tbe pimip in inches. Suppose we 
take the particular exampte of au engine whose stroke is 6 feet, and dia- 
meter of cylinder 64 inches. The proper coutent of the feed-pnmp, accord- 
ing to the table, would be 1093-36 cnbic inches. Suppose, now, that the 
cold-water pump was suspended fhnn tlic main beam at a fourth of the dis- 
tance between the centre and the end, so that its stroke would be 2 feet, or 
24 inches. In this case the area of the pump wcold be equal to 11)93-36-7- 
34 =< 45-556 square inches; so that we conclude, from the table ia pages 34 
and 25, that the diameter is between 7| and 'f inches. Conversely, sup- 
pose that it was wished to find the stroke of tlie pump when tbe diameter 
was 5 inches. Referring to the table in pages 24 and 2.'j, we find the area 
of the pump to be 19-635 square Inches ; so that the stroke of the feed- 
pump must be equal to 1093'36-r 19-635— 55-69 inches, or very nearly 55) 
inches. 

This table ia calculated from the following mle, which will be foond to 
give correct dimenatona for all aiaes of engines : 

Rule. — To find the content of the feed-pump lHuttiplt/i the iqtuzre of the 

diameter of die eyHnder in inchrs by the length of the stroke in feet ; divide 
the product by 30. The </uotient ii the content of tint feed-pump in cubic 
incheji. 

Thus, for an engine whose stroke is 6 feet, and diameter of cylinder 50 
inches, we have, 

50 » diameter of cylinder. 
^ 

2500 ^square of the diameter of the cylinder. 
6— length of stroke in feet. 



3 0)15000 

500 » content of feed-pomp in onbic inches. 

Table in page 143. — This is a table for determining the content of the 
cold-water pump in cubic feet. It may be useful either for determining 
the diameter of the pump when its stroke is given, or, conversely, for deter- 
mining the stroke of the pump when its diameter is given. To illiutrato 
this, suppose we take the particular example of an engine whose stroke is 
8 feet aud diameter of cylinder 64 inches. In the column headed 8, and 
in a line with 64, there stands the number 7'45. Suppose, now, the stroke 
of the pump to be 5 feet, then the area equal to 7-45-!- 5 = 1-49 square feet 
^214*56 square inches ; so that, referring to the table in pages 24 and 25, 
we See that the diameter of the pump is about IG\ inches. Again, suppose 
that the diameter of the cold-water pump was 20 inches, and that it was 
required to find the length of its stroke. We find, from the table in pages 
24 and 25, that the area of the pump is 314'16 square inches, or 314-lG-r 
144 =2' 18 square feet ;. so that the stroke of the pump is equal to 7-45-r 
2-18-3-42 feet 

This table is calculated from the following rtde, which will be found to 
give correct dimensions for all sizes of engines: 

Rule. — To find the content of die eold-icater pump — Multiply the iqttan of 
the diameter of the cylinder in inchca by the length of the strohe in ftet; 
ditmie the product by 4400. Tlve quotient ia the conUnt of tite cUd-water 
pump in cubic feet 

To explain this rule we shall take the particntar example of an engbe 
whose stroke is 5} feet, and diameter of cylinder 60 inches. In this case 
we have in succession, 

6 0<- diameter of cylinder in inches. 
60 
seOOra square of the diameter of cylinder. 
61 = length of stroke in feet 

440 0)1980 

4 5 = content of cold- water pump in cubic feet. 
Some further remarks on the feed and cold-water pumps will be found 
at page 215. 

Table in page 144.— This table is for detenmning the proper thickness 
of the large eye of crank for fly-wheel shaft when the crank is of cast iron. 
The crank is sometimes cast on the shaft, and of course the thickness of 
tlie large eye is not then so great as when the crank is only keyed on the 
shaft, or rather there is then no large eye at all. To illustrate "the use of 
this table we shall apply it to the particular example of an engine whose 
stroke is 8 feet, and diameter of cylinder 64 inches. In the column 
headed 8, and in a line vrith 64, there stands the number 8-07, Hence, 
accord'mg to the table, the proper thickness of tbe lafge eye of crank when 

c c 2 
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of cut inm is aboat B inche*. Referriiig to tlie table in psgp 126, in the 
eulumn headed 8, and in a lin« with &4, there iianda the number 5-77 : 
to that for a marine engine of 8 feet itroke, and 64 inch cylinder, the 
thickncM of the large eye of cranli is about 5j inche*. The difference is 
thna about 21 inches, which ii an allowance for the inferiority of cast iron 
to malleable iron. 

This table is calculntt-d from the following rule, which will be found to 
give correct dimeosioos for all sizes of engines : 

RpLB. — To find the thwknest of the Uirgt eyt of crank for fly-tcheel Mhaft 
mhcu tifcwtt inm. — Mmltiplif the mjutire of the length of the crank in incht* 
bjf 1*361. and (Am muitipli/ the in/uare vf tfte diameter of the cylinder in 
incitM by '1235 ; muilipiy tfie mm of tne*e products by the tquare of lite 
rfiaaifftr ((fq/luukr i« inche* ; d%ride thi* product by 666*283 ; divide this 
^wotitnt iy At Imgth of tb< crank in inchen ; finally ertract the cube root of 
itc yaoCteaL Tie rtetUt u the proper thicknett of the large eye of crank fvr 
Jlywlkttl aJkaft in inehta, witm of coat inm. 

Aa this rule is rather complicated, we shall show Its application to the 
Mfticnlar example already selected. For this particular example we have 
in succesiion, 

48 = length of crmnk in inches. 
48 

8304 ~ square of length of crank in inchea. 
1'56 1 A constant moltipUer. 

8S96-5 

64 =■ diameter of cylinder in incbeo. 
64 

4096 sBsqoare of the diameter of cylinder. 
'ISSSBOonctant multiplier. 

505*8 
S596-5 



Explanation of tJie Tablet. 



4 102*3 — Mm of products. 
4096*>>quar« of the diametor of cylinder. 

flft6-283 )» 6803080 8 

length of crank - 48) «5ai9-045 

535'3»7 

and>'525*397 -8-07 nearly. 

Table in page 145. — This is a table for determining the breadth of tlie 
web of crank at the centre of the jly-wheel shait, that is to say, the breadth 
which it would have if it were continued to the centre of the fly-wheel 
shaft. SuppoM it were required to find the breadth of the crank at the 
centre of the fly-wheel shaft for an engine whose stroke ia 8 feet, and dta- 
BMter of cylinder 64 inches. In the column headud 8, and in a line with 
64, there stands the nuinl>er 22*49. Hence, according to the table, the 
proper breadth is about 221 inches. Referring to the table in page 125, in 
tbe eolnmn headed 8, and in a tine with 64, there stands the number 17*99. 
HcBOc, according to that table, the breadth of the web of a cast-iron crank 
of an engine whose stroke is 8 feet, and diameter of cylinder 64 inches, 
is about 18 inches. The difference between these two is alwut 41 inches ; 
which i« not too gre«t nn allowance for the inferiority of the cast iron. 

Thi« table is calt-iilati-d from the following rule, which will be found to 
give correct dimensions for all sizes of engines: 

RiTLK. — Tofinit tlit breadth of the web of crank atfly'teheei thafi, when of 
eatt iron. — Multiplv the npuirt tf the length of the crank in inche* if 
1*261, and then midliiJy the m/nstrr of the diameter of the cylinder in inctuM 
by * I S35 ; mnUipiy the ttfuare root of the tmm of thete prodvct* by the tquare 
of the diamtttr ^ (iU iyliitdtr m wc4m> ; Smde thf produft by iS<H, and 
finnHyertrvettheatbirttotoflhemutiaa. The final result it lh€ tna^th 
of the crank at the centre of the fly-wheel thafI, when the crank is of out 
iron. 
As this mie is rather complicated, we shall illuitrate it by showing its 

•ppliration to the particular example of an engine whose stroke is 8 feet, 

■od diameter of cylinder 64 inches. For this engine, following the direc- 

tiMta of the rale, wc have in succession, 

64 • diameter of ey Under in indiet. 
64 

4096 » ■qure of tbc diaweter of cylinder. 
'1885 — eonitant mullipUer. 

SOS'S 

48 - length of erank in bchet. 

48 

S304 oaqoare of the length of ctiok. 
1*561 — coootant mohipLer. 

S596-5 
50S-> 

4l03*3Ktii]ii of prodticti. 



V'4102-Sa64*05 nearly. 

4096=a([uare of the diameter of eyliader. 



constant dlriior = SSKM ) 26a348*5 

11386*66 nearly. 

and ^11386-66 -S2-49. 

Table in page 146. — This is a table for determining the thiekoca of ih* \ 
web of crank at the centre of the fly-wheel shaft *, that is to say. Um thick* 
nem which it would bare if it were continued so far. Soppoae it wci* 
re<)uired to find the thickness of web of cnink at tbe centre of fly-wh(d 
ihofc of oil eagine whose stroke is 8 feet, and diameter of cylinder 64 iaelica. 
In the coluron beaded B, and in a line with 64, there stands the Bonbrr 
11*26. Ueace, according to the table, the proper thickness woold be aboat 
11| inches. Referring to tbe table in page 127, in the coliuna h ee d s id 0^ 
and in a line with 64, there stands the number 8*92. Heoc*, tke p eofi f 
thickDess of web at centre of paddle shaft for a marine engine wboae «me 
is 8 feet, and diameter of cylinder 64 inches, is nearly 9 incbea. T%» 
difference between the two thickoessos is about 2| inches, which ia aol 
too great an allowance for the inferiority of cast iron to malleable inn. 
This table is calculated from the following rule, which will be fbond IA 
give correct dimeusioni for all sizes of engines ; — 

Rtnx. — To find the thicknet* of the web of crank at eentrt t>fJly^KNi than, 
when nf out iron. — Multiply the tquare uf the length of Oe era*k ta etcMi 
6y 1*561, and then multiply the mptart of the diameter of the cyUadir ia 
imnkee iy *1235 ,* multiply the tquare root of the turn of iAmt prvdiieU hy the 
tquare of the diameter of the cylinder in inche* ; dirid* lki§ ^ n d ae l if 
1 84*32 ,* fimiUy extract tlie cube root of the quotient. The rtemtt u the liiei- 
net* of the web of crank at tlic centre of the fly-wheel thaji when ^^mt 
iron, in inche*. 

A* this rule is rather complicated, we shall illustrate it by applym^ it tp 
the particulBT engine which we have already selected. For thia ei^iac «• 
have in succession, 

48 -length of crank in inchet. 

48 



3304. 
J;56J1. 

3596*5 



square of the length of cnnk. 

constant multiplier. 



64 n. diameter of cylinder in inches. 
64 



4096' 
•1235. 



■ sqaare of the diameter of cylinder. 
'Constant multiplier. 



505-8 
3596-5 



4102*3 =sam of products. 



and ^''4102-3- 64-05 nearly. 

4096 — square of di^BCicr 



CoOftant dirisor- 184-32) 36S348-5 



1433-3* 



and *'1423*33- 11-25. 



Table in page 147. — This is a table for determining the proper i 
of the fly-wheel shaft at iu smallest part, when, as is nsually the case, it ie 
of cost iron. Supjiose it was requirt^d to find the diameter of the fly-wbtel 
shaft for an engine whose stroke is 8 feet, and diameter of cylinder 64 
inches. In the column headed 8, and in a Ibe with 64, there stands tbe 
number 17 M ; so that acairding to the table the diameter would be aboat 
171 inches. It is obviouii enough that the fly-whcvl sbaA stands ia mek 
the same relation to the land engine, as the paddle ehaft docs to tbe marine 
engine. Referring to the table m page 128 t in tbe coUubd headed 6i, aa4 
in a line with 64, there stands the number 14-06. Hence, according tothai 
table, the diameter of the paddle-shaft journal of a marine engine wboae 
stroke is 8 feet, and diameter of cylinder 64 inches, ia about 14 inckn^ 
The difference betwixt the diatueter of the paddle shaft for the 
engine, and the diameter of the fly-wheel shaft for tbe '*~' — fif'fil i f 
engine is about SJ inche.i. This will be found to be a very proper i " 
for tbe different circumstances connected with the land engine. 

This table has l>eeu ralculaied fVom the following rule, which «iU 
found to give correct dimensions for all sizes of engines : 

RtTLX. — To find the diameter of the fly-wheel »haft «l tmaOeet fmit, adWa I 
u ofctul iron. — Multiply the itquare of the t fimult r qf the cpUmim i 
inche* by r/u- lentjlh of llie crank in inche* i extroct the CM* naoT ofdkfrm*^ 
duet } finally multif^y the retull by '3026. The rtault i* th* tli mm u tm f^lb 
fly-wheel «An/l at tinalle*t part in inehe*. 

We shall illustnte this rule by applying it to tbc partioolar eagioe ahiok 
wc hare already sclcctML 



Explanation of the Tables. 
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64 « diameter of the cjlinder is inches. 
M 

4096oiqaare of the diameter. 
48=: length of craoli in inchei. 
1966U8 
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10092 
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s 





174 1013 « 

and 58-15 X 3025^ 17-59 
which agrees with the namber given in the tahle. 

Table* in pages 148. and 149. — These tables arc for determimng the 
sectional area of the fly-wheerrim wheo of cant iron. The method of usin;; 
them is explained in a rule in {^e 149. Suppose tt were rcqoircd to find 
the »e«tional area of the rim of a fly-wheel Ibr an engine whose stroke is 
8 feet, and diameter of cylinder 64 inches, the diameter of the fly- 
■wheel itself being 30 feet. Referring to table A ; in the column headed 8, 
and in a line with 64, there stands the numln-r 14G-4. Referring to tiible 
B ; in the column headed %, and in a line with 3U, there stands thenumbar 
•813. Hence, according to the rule in table B. the sectional area of the 
rim in sqaarc inches = 146-4 x -813= H9-()2. We may remark that tliesc 
tables have been calculated on the supposition that the fly-wheel is socon- 
nected with the engine, as to make exactly one revolution for each donbte 
stroke of the piston. If the fly-wheel is so connected witli the engine 
a* to make more than ooe revolution for each double stroke, then the 
rim does not need to be so heavy as these tables would make iL If, on 
the contrary, the fly-wheel does not make a complete revolution for eoch 
double stroke of the engine^ then it ought to be heavier than our tables 
make it With regard to the rules from which these tables have been 
calculated, it would be useless to give a rule for eoch of them separately. 
It will be sufficient if we give a nUe fbr determining the sectional area at 
once. 

Buue. — Tojimd tht Mtctkmal area of the rim of the Jttf-whetl, when of ctut 
iron, — Mtdtiply together the square of the diameter of' the a/linJfr in inchei, 
tfl€ tquare of the lai^tk of the ttroke in feet, the cube root of the lenglA of 
C&c stroAf in fret, and 6' 125; divide the final prvduct bi/ the euhe if the 
diameter of the fiy-trhrel in fret. The iptotient i,» (he nectioaal area of the 
rim qfJly-Tcheel in ai^uurc incAe*, proiuded it is of cast iron. 

As this rule is rather complicated, we shall endeavour to illustrate it by 
showing its application to a particular engine. We shall apply the rule to 
determine the sectiooal area of the rim of fly-wheel for an engine whose 
stroke is 8 feet, diameter of cylinder SO inches ; the diameter of the &j- 
vbeel being 20 feet For this engine we have as follows ; 

2500 =sqnare of the diameter of cylinder. 
64 — square of the length of stroke. 

160000 

2— cabe root of the length of stroke. 

320000 

6-135 ^constant multiplier. 

I96U00U 

therefore sectional area in sqtiare iDches=s 1960000-^30*-= 1960O0O•^eoO0 
= 1960-5-8 = 245. * 

We would find the same area from the table thus. Referring to table 
A ; and in the column headed S and in a tine with 50, there stands the 
Bomber 89-29. Referring to table B; in the column headed 8, and in a 
line with 20, there stands the number 2 '74. Hence, according to the rule 
siren in the beading to table B, sectional area of fiy-wheel rim in square 
mches3>H9-29 x 2-74 =244-66 ; or very nearly 245 square inches. 

We may here introduce the remainder of the formula from which the 
preceding tables have been calculated, which we omitted at page U)f>. In 
the following formula; we denote the diameter of the cylinder in inches by 
D, the length of the crank in iocbes by R, the length of the stroke in feet, 
and the nomioal horse power of the engine by H.P. 

XAxm KMonrEs. — niiiENnoNa op setebal of the fabts oy thx 

flIDK LEVKR. 

Depth of eye round end studs of lever = -074 x D. 
Thickness of eye rpond end studs of lever -> -052 x D. 



Diameter of end studs, in inches » -07 * D. 
Length of c-nd studs, in inches = -07 C % D. 
Diameter of air-pump st\xAs, in inches =045 x D. 
Length of air-pump studs, in inches = -049 x D. 

Depth of cast-iron side lever across centre, in inches =>dI 9 {7423 x 
length of lever in feetjl- 

HAKIME EMOIME. — DUtSMSIOMS OF BETERAI. PASTS OP AIB-FDXF 
C BOSS-BEAU. 

Diameter of air-pump, in inches = -6 x D. 
Thickness of eye for air-pump rod, in inches — -025 x D. 
Depth of eye for air-pump rod, in inches— -171 x D. 
Diameter of end jourmils, in inchests -051 x D. 
I^'ngth of end journals, in inches ■=-058 x D. 
Thickness of web at middle, in inches — -M3 x D. 
Depth of web at middte, in inches =-161 x D. 
Thickness of web at journal ='037 x D. 
Depth of web at journal = -06 1 x D. 

HAKIKX ENGINE. — DUIE.N8I0N8 OP THE PABTS OP AIB-Pt>lCP 
PISTON aOD. 

Diameter of lur-pomp piston rod when of copper, in inches— -067 x D, 
Depth of gibs and cutter tlirough cross-head, in inches =< -063 x D. 
Thickness of gibs and cutter through cross-head, in inches — '013 x D. 
Depth of cutter through piston, in inches = "03 1 x D. 
Thickness of cutter through piston, in inches = -021 x D. 

UABUTE ENOIKE. — BISIENSIONS of the HEHAHnKQ PASTS OS TBB 
AIH-FDMP HACHINEBT. 

Diameter of air-pump side rods at ends, in inches — *039 x D. 

Breadth of butt, in inches = -046 x D. 

Thickness of butt, in inches = -037 x D. 

Mean thickness of strap at cutler, in inchests '019 x D. 

Mean thickness of strap below cutter, in inches — -014 x D. 

Depth of gibs and cutter, in inches — '048 x D. 

Thickness of gibs and cutter, in iccbes =^ D -i- 1 00. 

■ABINS AND LAKD KNQINXS.^ — AB8A OP STEAM PORTS. 

Area of each steam port, in square inches— 1 1 x / x D'-f 1600 -t- 8. 

JSASINE AND LAND ENaUTES DUTENSIONS OP BRANCB BTEASI PIPES. 

Diameter of each branch steam pipe = %/'0O498 x / x D* + 10-2. 

HAIUKE EMOIME DIMENSIONS OF SETEBAL OP THE FIFEa CONNECTED 

WITH THE ENGINE. 

Diameter of waste water pipe, in iacheB=» 1'2 x ^H. P. 
Area of foot-valve passage, in square inches— 1*8 x H.P, •<■ 8. 
Area of bjection pipe, in square inches — -069 x H. P. -t- 2'81. 

Diameter of feed-pipe, in inches = -^'04 x H. P. -f 3. 

Diameter of waste steam-pipe, b inches = v'-375 x H.P. i- 16-875. 

MABINE AND LAND ZNOIMSS. — DIMENSIONS OP 8APSTT-TAI.VBa. 



Diameter of safety-valve, when one only is used- -/'b x H.P. +22-5. 
Diameter of safety-valve, when two are used— ^"-25 x H.P, + 1 l-flS. 
Diameter of safety-valve, when three are u»ed= ^167 * H. P+7*5, 



EHiamcter of safety-valve, when four are used = v'-125 x H. P. + 5-625. 

ULND ENGINE DtMENBIONB OF MAIN DBAK. 

Depth of web of main beam across centre b 

^Z X D* X half length of main beam in feet. 
Depth of main beam at endsB 

4K'192 X D* X half length of main beam, in feet. 

LAND AND KABINK XNOINBI. — CONTENT OP FSED-PQMP. 

Content of feed-pump, in cubic inches — D* x T-r-SO. 

LAND EHOIMS6.— CONTENT OF COLD-WATEB PtTKP, 

Content of cold-water pomp, in cubic fect — D" x /-i-4400. 

LAND EKGDtEB. —. DIMENSIONS OP CBANK. 

Thickness of large eye of crank, in inches — 



jKD*x(r56l X R*-t--ia35lV)-i-(R x 666'2a3). 
Breadth of web of crank at fly-wheel shaft centre, in inches— 

>'D»x ^(1-561 hR« + -1235xD*)~23'04. 
Thickness of veb of crank at fly-wheel shaft centre, in inches' 

^D»x ^(l-S61xR»-^12S5xD')-rl84-3a. 

LAND ENGINES,— DIMENSIONS OP FLT- WHEEL SHAFT. 



Diameter of fly-wheel shaft, when of cast-iron, =3025 x >'R x D*. 
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DIMENSIONS OF PARTS OF LOCOMOTIVES. 



•UmtTSE OF CTLtNDSR. 

Iv looomotiTe engine* the diameter of the cylinder Tkriet Ie«s than in 
either the land or the marine engine. In fev of the locomotive engine* 
at preMst is naa ia the diameter of the cjlinder greater than 1 6 inches, or 
leu than IS inehet. The length of the (troke of nearly all the locomotive 
engines at present in nte ia 18 incbe«, and there aru always two cylinders, 
which are generally connected to cranks upon (he axle, standing at right 
angles with one another. Out«ide cylinders, operating upon pins in the 
driring wheels, have latterly been largely introdaecd ; bat they cause mnch 
oscillation of the engine ; tlinugh thia defect might be remedied by making 
the pistons more siniultanuoualy, aod putting another cylinder in the centre 
of the carriage to act upon a craak at right angle* with the pins. 

ARKA or INDUCTION POBTR. 

RrLc — To/bid tMe list of the Utam pi/rUfar Iki kcomotivt emgint. — Moltiplj 
the sqoare of the diameter of the cylinder by -OfiS. The product is the 
proper tut ^thc «/«um porU i'm tqmre mchee. 

Examph. — Required the proper siie of the stenm ports of a locomotire 
engine whose diameter is 15 inches. Here, according to the rule, sice of 
steam ports -iXlD x 15 x l&o'0Q8 x 233 — IS .1 square inches, or between 
I5| and \h\ square inches. 

After having dcti-rmined the area of the ports, wc may easily find the 
depth when the Icnj^th is given, or, conversely, the length when the 
depth is given. Thus, suppo«e we knew the length was H inches, then 
wa find that the depth should Ite 15-3-^8- l'912j inches, or nearly 3 
ioehea ; or snppow we knew the depth was 'i inches, then we would find 
that the length waa IS'a-rao'Gj inches, or nearly 7} inches. 

ABBA or EDUCTION PORTS. 

The proper area for the eduction ports may be foimd fWmi the foUowbg 
rule. 

RuLZ. — To find thf area of the eduetioH port*. — Multiply the tquart of the 
diameter of the tyltmUr in inches by '128. The product is the area if the 
tdMCtion portA in iqmtrt mchea. 

£miii|i£«. » Required the area of the eduction porta of a locomotiTe 
engiike, when the diameter of the cylinders is 13 inches. In thia example 
we have, according to the rule, 

area of eduction port-l2§ « ia*--U8x 169->31'633 inches, 
or between 9I| and 31] square bches. 

BRBADTR or hrhme BRTWKEII ^OKT«. 

The breadth of the bridges between the ednction port and the indncfioa 
porta it lunally between f inch and I inch. 

DIAMETER OF BOILER. 

It it ohviooi that the diameter of the boiler may rary very considerably ; 
h«t it b limited chiotly by eonsidcrations of strength -, and 3 feet is found a 
eoDvenieot diameter. Some rule* for the strength of boilers are given at 
page 830. 

BuUL — Tbfind the inside diameter ^thi baiter — Multiph the diameter t\f 
&m cylinder m ntehee bf i'll. Tm produet w the intids dUmOtr of the 
boiler in inches. 

KrampU. •— Required the inside diameter of the boiler for a locomotive 
cnsine. the diameter of the cyliitders being 15 inches. 

In this example we have, sceording to the mle, 

iaaide diameter of boiler- IS x 311— 44-65 ioclM% 
or ahoat S feet I0| inchea. 

lsnotb or BonxR. 

The length of the boiler is ttsnally hi practice between 8 feet and 8J 

feet. In the Northern and Eastern Counties Railway the length of the 

boiler ia 8 feet j while in the North .Midland Counties Railway, in the Great 

Weftani Railway, and in th« Hartlepool Railway, tlv leagtb of the boiler 



it 8| feeL In the Belgian railways the length of thf Vtiler i» 9 ft« 
3 inches. And in the tJourdeaux et La Teste nilway tbe length of Iki 
boiler \% 8 feet 9 iDclies. In Stephenson's specftcation for impravtMSMI 
in the arrangement and combiuation of the parts of lucomodre eagisc^ A^ 
length of the boiler i& between 1 1 and 13 feeL 

DIAMETEB or aTEAM tXUfX OtHDB. 

It is obvioos that tbe diameter of the steam dome may he Tariff MMi- 
derably, according to eircumKtances ; but the first indication ia t» mah d 
large enough. It ia ajiuul, however, in practice, lo proporboo the 4^ 
meter of the steam dome to the diameter of the cylinder: and lh«i* 
appears to be no great objection to this. The following mle will be fcM< 
to give the diameter of the dome usually adopted in practice. 
RPLB. — TV find the diameter of the tttttm dime. — MMpiy the diamem ^ 

the cylinder in inches by 1-43. The prvdacl is the dtamsttr of ths ifcw ■ 

inches. 

Example. — Reqaired the diameter of the steam dome for a ktimwH 
engine whose diameter of cylinders ia 19 inchea. In this eaaapk ee 
have, according lo the rule, 

diameter of steam dome » 1-43 x 13- 18-59 inches, or about t^ bebia 

HEIGHT or STEAM DOMB. 

The height of the steam dome may vary, Jadgiag from pracQec Ji 
appears that a uniform height of 2} feet wouijd anawer very weU. 

DLAMBTKR OF BirSTT TALVE. 

In practice the diameter of the safety valve varies considenfcJr. Ths 
following rule gives the diameter of the safety valve nsoaily miafHi kt 
practice. 

Rule. — To find the diameter of the t<^ety tahe. —Divide the ifaiaMlM ^i> 
cylinder in inches by 4. The quotient is the diameter of the t^fttf soft* ■ 
inches. 

Example. — Required the diameter of the safety valves for the hollar if 
a locomotive engine, the diameter of the cylinder being 13 incheai Bmi^ 
according to the rule, diameter of safety valve — 13.}'4v3| iadbafc k 
larger sixa, however, it preferable, as being lest likely to itiek. 

DIAMETEB or TAXTZ KPINDLK. 

The following mle will be (bund to give the correct diameter of d( 
valve spindle, it is entirely founded on practice. 

Rt'L£. — To find the diameter of the raltt spindle. — Jtfnhiply lAr dmmtliref 
the cylinder in mehes by -076. The prvduet ie the proper diametm ^ m 

valve spindle. 

Example. — Reqaired the diameter of the valve spindle for a i^'iin^ M rt i f 
engine whose cylinders' diameters arc 13 inches. 

In this example we have, according to the rule, 
diameter of valve ^pindle— 13 x -076 — -988 inches, or very nearlj I inch. 

Duxaxan or cMnofar. 

It is nsnal in practice to make the diameter of the chimney eqaal M Ae 
diameter of the cylinder. Thus a locomotive engine whose cjiaiitf 
diameter* are 15 inches would have the inside diameter of the '*'im « 'j 
also I S inches, or Ihereahoota. Thia rule has, at least, the mttit of ite* 

plicity. 

ARKA or riRE-ORATIC. 

The follow ing rale determines the Rrea of the fire-gTMe VtaXtj gma ■ 
practice. We may remark, that the area of the fire-grate ia ftMite fe^ 
lows a more certain nile than any other part of the ea^fiae apMHB la 4ar 
but it is in all caM-s much too tmall, and oocasiona a gnat Iota of yewar ky 
the urging of the blast it renders necesmy. and a npid deterioracioa ttlkt 
furnace plates from excessive heal. There b no good re— uu whr Ar 
furnace should not be nearly as long as the boiler : it would then t^MBfete 
the furnace of a marine hoikr, and be as managcahia. 



I 



Bn£. — To find the area qf the firt-gratt. — Muhiply the diameter of Ike 
ejfiinder in inche« by '77. The product te the area of the fire-grate in 
n^perficiai feet 

Example. — Required the area of the flre-grat« of a locomotive engine, 
the diameters of tb43 cylinder* being ir> inches. 

In this example yre have, according to the rule, 

orea of fire-grate = -77 x 15 = 11-55 square feet, 
or about 11} square feet Though this rule, hovever, represects the niual 
practice, the area of fire-grate should not be contingent upon the sixe of 
the cjlinder, but upon ihe quantity of steam to be raised. 

ABBA OP BEAlTNa SCWACE. 

In the construction of a locomotive engine, one great object is to obtain 
a. boiler which wilt produce a Kufficient quantity of steam with as Little bulk 
W)d weight as possible. This object is admirably accomplished in the con- 
stmction of ihe boiler of the locomotive engine. This little barrel of tubes 
generates more steam in an hour than was formerly raised from a boiler 
■ad fire occupying a considerable house. This favourable result is obtained 
■implj by exposing the water to a greater amount of heating surface. 

In the usual construction of the locomotive boiler, it is obvious that we 
can only consider four of the sis faces of the inside fire-box as effective 
heating surface ; viz. the crown or the bos, &nd the three perpendicular 
■ides. The circumferences of ihe tubes are also effective heating surface v 
M that the whole efffcttvc heating surface of a locomotive boiler may be 
eoaaidered to be the four faces of the insiile fire-box, plus the sura of the 
■nrftces of the tubes. Understanding this to be the effective beating siir- 
fitcc, the following rule determines the average amount of heating surface 
ostiiUy given in practice. 

BVUL — To find the fffertict keativg turfiice, — Multiply the mpiare of the 
eUomtttr of the cylinder in imckes by 5 ; divide the product by 'i. The quo- 
tiemt it the area of the effective heating turf ace in »quanfeet 

Example. — Required the effective heating mrflMC of the boiler of a 
locomotive engine, the diameters of the cylinders being 15 inches. 

In this example we have, according to the rule, 
eflFective besting 8Uif8ce=l5* x 5-r2'225 x 5-r2'= 1125-r2-562| 
square feet. 

.According to the rule which we have given for the flre-grate, the area 
of the fire-grate for this bniler would be shout \\\ square feet. We may 
snppo«e, therefore, the area of the crown of the box to be 12 square feet. 
The area of the three perpendicular sides of the inside fire-box is usually 
three times the area of the crowij ; so that the effective heating surface of 
the fire box i« 48 square feet. Hence the heating surfucc of the tubes = 
526-5 — 49 =47e"5 square feet. The inside diameters of the lubes are gene- 
tally about 1} inches ; and therefore the circumference of a section of these 
nbea, according to the table in page 24, is ,'^-4978 inches. Hence, sup- 
posing the tube to be ii\ feet long, the surface of one = 5497& * 84-rl2 = 
■45815 K 8J = .3"894.1 square feet. And, therefore, the number of tubes = 
478-5 -!-3'8943= 123 nearly. The amount of heating surface, however, like 
tfakt of grate surface, is property a function of the quantity of steam (o be 
ni«ed, tod the proportions of both, given at page 229, will be found to 
anrwer well for boilers of every descripUoo. 

AUK*. OF WATER-LEVEL. 

Thia of course varies with the different circumstances of the boiler. The 
avenge area may be found from^ the following rale. 

HrtE. — To find the area of the uniter-leveL — Multiply the diameter of the 
eytinder in inche* by 3'OS, The product is the area of the water-level in 
mpiare feet. 

Exampb: — Required the area of the water-level for a locomotive engine, 
whose cylinders' diameters are 14 incLes. 
In this case we have, according to the rule, 

area of water-level = 14 x 3-08 — 29-13 square feet 

CCBICAL COfTTENT OP WATER IM BOILER. 

This of course varies not only in different bailers, but also in the same 
boiler at different times. The fallowing rule is sappoeed to give the aver- 
age quantity of water in the buikr. 

BuT.E. — To find the cubical content of the voter in the boiler. — ilfultiply tlie 
mjuare of the diameter of the ct/limler in inches by 9 j divide the product hy 
40. Tne qwHitnt is the cubical content of the water m the boiler iii cubic 
fett 

Erample. — Required the average cnhical content of the water in the 
boiler of a locomotive engine, the diameters of the cylinders being 14 inches, 
bt thia example we have, according to the rnle, 

cubical content of water=9 x l-l'-r40 = 44'l cubic fleet 

COMTEXT OP PEED-PtrjtP. 

Tn the locomotive engine, the feed-pnmp is generally attached to the 
cmM-head, and consequently it has the same .strnkc as the piston. A« we 
have mentioned before, the stroke of the locomotive engine is generally in 



practice 18 inches. Hence, aunming the stroke of the fecd-ptunp to be 
constantly IH inches, it only remains for as to determine the diameter of 
the ram. It may he found from the following rule. 

RcTLE. — To find thediameter of the feed' pimp ram. — Multiply the tguare of 
the diameter of the cylinder in inches by -Oil. The product is the diameter 
of the ram in inches. 

Example. — Required the diameter of the nun for the feed-pnmp for a 
locomotive engine whose diameter of cylinder is 14 inches. In this 
example we have, according to the rule, 

diameter of ram =° -01 1 x 14'--011 x 196 = 2156 inches, 
or between 2 and 2^ inches. 

CUBICAL CONTENT OP 8TKAH BOOM, 

The quantity of steam in the boiler varies not only for different boilers, 
but even for the same boiler in different circumstances. But when the 
tocotnotive is in motion, there is usually a certain proportion of the boiler 
filled with the steam. Including the dome and the steam pipe, the content 
of the steam roorai will be found usually to be somewhat less than the cubical 
content of the water. But as it is desirable that it should be increased, we 
give the following rule. 

Bulk. — To find the cuhical content of ike steam room. -^Multiply the square 
of the diamfter of the cylinder in inches by 9 ; diviile the product by 40, The 
ijuotient is the cubical content of tlte steam room in cubic feel. 

Example. — Required the cubical content of the steam room io a loco- 
motive boiler, the diameters of the cylinders being 12 inches. 

In this example we have, according to the rule, 
cubical oanteat of steam room =9 x 12'-;- 40=9 x 144 -(-40 <> 32*4 cubic 
feet 

CVBICAL CONTENT OP IMaiDB FIBE-BOX ABOVE FIB£-BAR8. 

The following rule determines the cnhical content of fire-box nsnally 
given in practice. 

Rule. — To find the cubical content of inside fire-box above fire-bars. — 
Divide the xt/uare of the diameter of the cylinder in inches by 4. The quo- 
tient is the content oftiie intidt fire-box above fire-bars in cwbicfeet. 
Example. — Required the content of inside fire-box above fire-bars in a 

locomotive engine, when the diameters of the cylinders are each 15 inches. 
In this example we have, according to the rule, 

content of inside fire-box above fire-bars = 1 5' -p 4 = 225 -;- 4 = 56^ cubic ft. 

THTCKKE9II OP THE PLATES OP BOILER. 

In general the thickness of the plates of the locomotive boiler is j inch. 
In tome cases, however, the thickness is only ^^ iodi. 

IKBI0E UIAMETER OF STEAM PtPX. 

The diameter ustially given to the steam pipe of the locomotive engine 
may be found from the following rule. 

Rule. — To find the diameter of the steam pipe of the /ocoHOfrre engine. — 
Multiply (lie square of the diameter of the cylinder in inches by -03, The 
product is the diameter of the steam pipe in inches. 

Example. — Required the diameter of the steam pipe of a locomotive 
eogioe, the dinmeter of the cylinder being 13 inches. Here, according to 
the rule, diameter of steam pipe = -03 x 13* = '03 x 169 "5-07 inches; or a 
very little luore than ."i inches. The steam pipe is usually mode too small 
in engines intended for high speeds. 

DIAMETER OP BRANCH STEAM FIPE8. 

The following rule gives the usual diameter of the branch steam pipe for 
locomotive engines. 

Rule. — To find the diameter <f the branch steam pipe for the lacomolice 
engine. — Multiply the square of the diameter of the cylinder in inches by 
'02 1 . The product is the diameter of iite branch steam pipe for the locomotive 
engine in inches. 

Example. — Reqtiired the diameter of the branch steam pipes for a loco- 
motive engine, when the eyiimler's diameter is 15 inches. Here, according 
to the rule, diameter of branch pipe = '021 x 15' = -02 1 x225 = 4-725 inches, 
or about 4] inches. 

DIAM£TEa.OP TOP OF BLAST FtPE. 

The diameter of the top of the blast pipe may be found from the follow- 
ing rule. 

Role. — To find the diameter of the top of the bhtst pipe, — Multiply the 
square oftiie diameter of the cylinder in inches by '017. The product is the 
diameter of the top of the blast pipe in inches. 

Example 'The diameter of a locomotive engine is 13 inches ; required 

the diameter of the blast pipe at top. Here, according to the rule, 

diameter of blast pipe at top = -01 7 x 13'= -017 x Ifi9 = 2-e7a inches, or 
between 2j and 3 iucties; but the orifice of the bla-it pipe should always be 
mode OS brge as the demaudji of the blast will permit 
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Rules for fiart$ of locomotives. 



DUKKTER or FXKII FIPGX. 



There appear to be no theoretical consideratioo» which would lead u« to 
determine exactly the proper size of the feed pipes. Judging from 
practice, however, the foLowing rule will be found to give the proper 
dimeiuioiu- 

RcL£. — To find the diameter of the feed pipes. — Multiply the diameter of 
the cylinder im inchu by -141. Tht product is the proper diameter of the 
fttdp^pte. 

Brampk. — Reqtiired the diameter of the feed pipes for a U>c<Hnotire 
easine, the diaineter of the cylinder being 15 inches. 

In this example we hare, according to the rale, 

diaineter of feed-pipe = 1 A k -141 — 2*115 inches, 
or between 2 and 2 j inches. 

DUXETER or PISTON ROD. 

The diameter cf tbe piston rod for the locomotire engine is nsoalty 
about one-ceventh tbe diameter of tbe cylinder. Making practice our 
guide, therefore, we have tbe following role. 

RVUL — To find the fiiamrter of the piston rod for tht locomotive engine. — 
Divide the diameter of the cylinder in inches by 7. The quotient is the 
diameter of the piston rod in inches. 

Example. — The diameter of the cylinder of a locomotive ennne is 15 
inches, required the diameter of the piston rod. Here, according to the 
rule, diameter of piston rod — lS-rZ — S^ incbea. 

THinuTzss Of Firroir, 
The thickness of the piston in locomotlTc engines is nsnally about two- 
sevenths of tbe diameter of the cylinder. Making practice our guide, 
therefore, we have the foUowmg rule. 

BiTLE. — To find the thickness of the piston in the locomotire engine. — 
Multiply the diameter of the cylinder in inches by 3 ; divide the product by 7. 
The qwititnt is the thicknets of the piston in inches. 
Eramplf. — Tbe diaineter of the cylinder of alooonotive engine is 14 

inches, requlnvl the thickness of the pistoiL Here, aecordiiig to tbe rule, 

thickness of piston—Sx 144-7o4 iacbea. 

DiAireTXR or comtcma rods at vtddlx. 
Tbe following rule gives the diameter of tbe connecting rod at middle. 
The role, we may remark, is entirely founded on practice. 

BlTLB. — To find the diawieler of the connecting rod at middle of the locomotive 
tmfime. — Afuitiply the diu m etrr qf the cylinder in inches Ay -21. The pro- 
Aier is the diameter of At connecting rod at middle in inches. 

Erttmpk. — Required tbe diameter of the connecting rods at middle 
for a locomotive engine, the diameter of tbe cylinders being twelve inches. 

For this example we have, according to the rule, 
diameter of connecting rods at middle— 12 x '21 —2-52 inches, or 2 J inches. 

oiamcTKR or ball or cboss-hsad spindle. 

The diameter of tbe ball on the croes-head spindle may be found trota 
the follow ing rule. 

RtrUL — To find the diameter of the ball on eroes-head spindle of a locomotive 
engine. — Multi/tly the diameter of the cylinder in inches by "23. The pro- 
dnct is the diameter of the ball on tlie cross-head spindle. 

Example. — Required tbe diameter of the ball on the croas-bead spindle 
of a locomotive vnKine, when the diameter of tbe cylinder is 16 inches. 
Here, according to the rule, 

diameter of boll « -SS k IS ■•S'45 inches, or nearly 3| inches. 

DIAWKTKR OF T1IK tNSlDK nKABtNOS or THE CRANK AXLK. 

It is obvioos that tbe inside besirings of tbe crank axle of the locomotive 
engine correcpood to the paddle^haft jonmal of flie marine engine, and 
to the fly-wheel shaft joamal of the land engine. We may conclude, 
therefore, that tbe proper diameter of these bearings ought to depend 
jointly upon the length of the stroke and the diameter of the cylinder. In 
the Locomotive engine the stroke ii tisully 18 inches, so that we may con- 
sider that the diameter of tbe baariwf depiends solely upon the diameter of 
the cylinder. The following rale wiU give the diameter of tbe iiuide 
bearing. 

Rtn.r.'^ To find the diameter of the inside bearing for lite locomotive engine. 

Extract the cube root (f the tquare of the diameter of the cylinder in inches ; 

multiply the reeult by -96. like proamet it tht proper dtameter of the inside 

huirutg nfikt tnmkoMUfor the lo eo mt liBt ca^me. 

Example. — Required tbe diameter of the inside bearing of the crank 
^Ic for a locomotive engine whose cylinders are of 15-inch diameters. In 
this example we have, according to the rule. 
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13 —diameter of cylinder in inehM. 
13 

169 B square of the diameter of eyhoder. 
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and diameter of bearing— 5*5389 x '96— 5'31 mchee oearlyi 
or between 5] and 5^ inches. 

DIAJIETER or PLAIN PART Or CRAKK AXL& 

It is usual to make the plain part of crank axle of the sas 
area as the inside bearings. Hence, to determine the sectional area of dt 
plain part when it is cjlindricaU we have the following rule. 

Rule. — To determine the diameter of the plain part qf crttnA a*U fvr is 
hcomotit^ engine. — Extract the cube root of the "pi^ */ the diamlm V 
the cylinder in inches ; multiply the result by -96. The pradaet ie llm ffffm 
diameter of the plain part of the cranh axle tff the h c omo tin ofiBV ■ 
McAet. M 

Example. — Required tbe diameter of tbe plain part of the eraak O? 
for the locomotive engine, whose cylinders' diameters are 14 inches, b 
th.i< example we have, according to the rule, 

14— diameter of cylinder in inchea. 
U 

196 a square of the diameter of cylinder. 

"O 196(5-808- ^'Uf 
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and diameter of plain part of crank axle > 
or a Utile more than i>\ iaohea. 



>5<808 N ■98-5-58 inches i 



DIAJIXTSR or THE OtmiDS aRARIROS or TRS CRAJtK AXIM. 

The crank axle, in addition to resting upon the inude bearinga, is s 
timet also made to rest partly upon ooitside bearings. TImm oi 
bearings are added only fkir the sake of staadiacM, rad tbcy do aol M 
be so strong as tbe inside bearings. The proper aixe of tke dMRM 
these bearings may be found frvta the following rule. 

RlTLB. — To find the diameter of outside bearings for the l o etms o li tm < , 
Multiply die square of the diameter qf the cylinderM in inches bf -Wft : i 
the cube root of the product 7ft* result is the dimmttir of Ike 
bearings in inches. 

Example. — Required tbe proper diameter of the outside beBrti^ fcr* 
locomotive engine, tbe diameter of its cylinders being 15 inchci. 
In this example we have, according to tbe rule, 

15 —diameter of cylinders in iaabci, 
15 

335— square of diameter of cylindlf. 
-396— constant multiplier. 
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HcAce diameter of outside 'bearing = 4-466 inches, or very aearlj 4\ inches. 

DtAHCTER or CHANK PIS. 

The following nile gives the proper diameter of the crank pin. It ig 
obvious that the crank pin of ihe locomotive engine is not altogether 
analogous to the crank pin of the marine or land engine, and, like tbein, 
oagbt to depend upon the dioinTter of the cylinder, us it is usiiaUy formed 
out of the solid nxle. 

BcLK. — To find the diamfttr of the crank pin for the locomotive engine. — 
Multiply the diameter of the cylinder in inches by -404, The product it tfie 
diameter of the crank pin in inches. 

Example. — Required the diameter of the crank pin of a locomotive 
engine whose cylinders' diameten are 15 inches. 
In this example we have, aecording to the mle, 
diameter of crank pin <> 15 x -404 =6*06 inches, or about 6 inches. 



LENGTH OF CRANK PDC. 

The length of the crank pin usually given in practice may he found 
from the following rule. 

Rflk. — To find the length of the cranh pin Multiply ttie diameter of the 

cylinder in inches by '233. TAe product is the length i{f the crank pins in 
inches. 

Example. — Required the length of the crank pins for a locomotive 
engine with a diameter of cylinder of 13 inches. 

In this example we have, according to the rule. 

length of crank pin = 13 x •233 = 3-029 inches, 
or about 3 inches. The port of the crank axle answering to the crank pin 
is usually rounded very mneh at the corners, both to giVe additional 
stTVogth, and to prevent side ploy. 

These then ore the chief dimensions of locomotiire engines, according to 
the practice most generally followed. The estaMi^hinent of t-xpreiss trains 
and the general exigencies of sleoai locomotion are daily introducing inno- 
Tstions, the effect of which is to make the engines of greater size and 
power: but it cannot be said that a plan of locomotive engine has yet been 
cootrived that is free from grave ohjectious. The most material of th»>se 
defects is the necesdity that yet exists of expending a large proportion of the 
power ia the production of a draft ; and this evil is traceable to the inade- 



<)uite area of the fire-prate, which makes an enormous msh of air through 
the fire necessary to accomplish the combustion of the fiiel requisite for 
the production of the steam. To gain a sufficient area of fire-grate an 
entirely new arrangement of engine must be adopted : the furnace must be 
greatiy lengthened, and perhaps it may be found that short upright tubes 
of the kind t'lnployi'd in the boiler at page G8 may be introduced with 
advantage. Upright tubes have been found to be more effectual in ralKing 
steam than horizontal tulK'S ; hut the tube plate in the case of upright tubes 
voold be more liable to burn. 

We here give tlie preceding rules in fonmnltB, in the belief that those 
well acquainted with alpebraic symbols prefer to have a rule expressed as 
a formula, as they can Ihits sve at once the different operations to bo per- 
formed. Ia the fuUowing formulas we denote the diameter of the cylinder 
in inchea by D. 

LOCOaOTITE ENGINE. — PABTfl OF THE Cn.INDEB. 

Area of induction ports, in Rquare inches^-oeS x D*. 
Area of eduction jx.irts, in square inches «»*128 x D*. 
Breadth of bridge between port* between \ inch and I inch. 

liOCOMOnVB ZNOTNK. — PARTS OF BOTLER. 

Diameter of boiler, in inches = 3' 11 x D. 

Length of bf/ili-r b(?tween 8 feet and 12 feet 

Diameter of steam dome inside, in inches >> 1'43 » D. 

Height of steam dome ■■ 'i\ feet. 

Diameter of fuifety valve, in inches = D-f- 4. 

Diameter of valve spindle, in inches = -076 x D. 

Diameter of chimney, in inches -stD. 

Area of fire-grate, in square feet = 77 x D. 

Area of heating surfiice, in square feet = 5 k D'-r2. 

Area of wattr-k-nel, in »)nare feet — 2-08 x D. 

Cubical content of water in boiler, in cubic feet = 9 x D'-r40, 

Diameter (if fei-d-pnmp ram, in inches = '01 1 * D'. 

Cubical content of Kt'-um room, in cubic feei='J ' D*-r40. 

Cubical content of inside fire-box above (iire bors, in cubic feetKl>*-i.4 

Ttiickncss of the plates of boiler = | inch. 

UX;OJIOTn'E BKGIKE. — DUtEKSIONS or SEVEBAL PIPES, 

Ittside diameter of steam pipe, in inches = '03 x D*. 
Inside diatneter of branch steam pipe, ia inches = -021 x D'. 
Inside diameter of the top of blast pipe = -017 x D*. 
Inside diameter of the feed pipes == -14] x D. 

LOCOHOTTTE ENOINE. — ODfENSIONS OF nTIEAX. KOTINO PAKTB. 

Diameter of piston rod, in inches =D-r 7. 
Thickness of pi-ston, in iaches=2 D^j-T. 
Diameter of connecting rods at middle, in inches ^ -21 x D, 
Diameter of the ball on cross-head spindle, in inches = -23 x D. 
Diameter of the inside bearings of the crank axle, in inches ^ -96 x .^D*. 
Diameter of the plain port of crank axle, in Laches = -96 x ^T)*. 
Diameter of the outside bearings of the crank axle, in inches •= jK"396 x D* 
Diameter of crank pin, in inches = -404 x D. 
Length of crunk pin, in inches = -233 x D. 



DD 



J62 



Expedients for regulating the Velocity of the Engi* 



CHAPTER Yin. 



EXPEDIENTS FOR REGULATING THE VELOCITY. AND ASCERTAINING THE STATE AND 
EFFECTIVE POWER OF THE ENGINE 



Ijt most engrinw yet invented for developing mechanical effect from steam, 
there are great irregularitie* in the velocity of the engine unless some 
coolrivance be tdded to equalUe ihe action of the steam. In the land-e&gine, 
and in the marine-engine, the inequalities of velocity may be coniidered to 
proceed fh>ni two sources ; one, the unequal action of the mechaninn of the 
engine itself, and the other the nnequal resistances which the engine has 
to overcooie. The piston does not move with a uniform velocity op and 
down the cylinder. The velocity is greatest at half stnjke, and gradually 
deereaaes towards the end of the stroke till it stops altogether, and finally 
retoms in the opposite direction. When it is said that the velocity of the 
piston is so many feet per minute, it is at once inferred that this can only 
be the mean velocity, and thut at the middle of the stroke (he piston moves 
faster, and at the termination slower, than the specified velocity. But even 
if the piston were to move oniformly. the intervention of the crank would 
introduce irregularities into the velocity of the engine. The crank is 
certainlv the best constructive expedient yet devised for deriving a rotatory 
motion ^rom the reciprocating motion of Ihe pUton : but, with all its advan- 
tages, it has the defect of not transmitting uniformly the pressure and 
velocity of the engine. I^t it not be inferred from this statement that we 
intend to fihow the least fiivoor to the exploded notion of the crank absorb- 
ing some of the power or mechanical effect of the steam. In a former part 
of this work we have shown at great length that the crank, like every 
other piece of machinery, transmits at every instant all the mechanical 
effect communicated to it ; mi that the only way in which we can suppose it to 
have an appetite for devouring power is by taking into consideration the 
friction of the parts connectwl with it. But this is not inconsistent with 
our statement that the crank does not transmit the pressure and vflocity of 
the piston uniformly. The mechanical effect transmitted by the crauk at 
any instant is measured by the product of the effective pressure on (he 
crank into its velocity at that instant ; and this is exactly equal to the 
mechanical effect generated at the piston at the same instant, as measured 
by the product of the pressure on the piston into iu velocity. But then 
ibe velocity of the crank does not always hear the same proportion to the 
velocity of the pistoti, nor does the effi-ctivv pre»sure on the crank always 
bear the same proportion to the presfun- on the piston. The products arc 
constantly i-<)ual. bnt the proportions of the lUements constantly change ; 
and the effect <if the intervention of the crank, if unredressed, would be to 
caoae Ihe velocity of the machinery driven by the engine to undergo incon- 
Tenieat fluctnatiooa. 

These irregularities proceeding fW>m the internal mechanism of the 
anfiaa itself would leave the mean velocitr unaffected. Supposing the 
amount of steam supplied and the amount of resistance to be ovt- rronie, to 
remain const.int, then, although the velocity would he different for different 
poaitions of the crank, still the average velocity throughout a whole revo- 
lution would remain constant. If, however, the amount of rcsistaDce to be 
overcome be changed, the average velocity will also change, unless the 
supply of steam be modified ao as lo auit the exigency. We may see the 
great variation of resistance which a marine engine has to siulaia in a 
•lorm. Sometimca the paddle board ia deeply immersed in the wave — at 
other time* it is almoat completely out of the water -, and in these circum- 
(tancea it is obviotu that the average velocity of the paddle shaft wilt 
vary. Analogous variations are experienced in most of the applications 
of the land-engine. If a land-engine be employed to drive the machinery 
of a cotton mill, it will have to impart motion t*> all the spinning fVames tn 
that mill. The operation of one or more of these may from time to time 
be suspended, and conseqnenllv the moving power will be relieved fVnm 
a eorTcapooding amount of resistance, and again the spinning frames offer 
different reaistanccs at different times. Theae circarostance«. it is obvious, 
must affect the mean velocity of the engine, unlesa some contrivance be 
added to modify the supply of steam so as to correspond lo the amount of 
rsistazKe to be overcome. If, under such circnmstances, the energy of 
ibc moving power remains the same, the velocity with which the ma- 
chiMiy will bo driven most be subject to variation, Wing increased 
wiMMVtr the operaliou of any portion uf the mnrhinrs usually driven hy 
(t b avaproded ; and, on the other hand, diminished when any increased 
nnmbo-r of machines are brought into operation In fine, the speed will 
vary nearlv in the inverse proportion of the load driven, increasing as the 
kwd I* diminislied, kod viet ceraL 



Now in most of the applications of the steam engine, irregnhnl^ i 
velocity is considered to be a great evil, and every exertion is made i 
lessen it as much as possible. Indeed in all applications of machiarr; il il ' 
desirable, all other things being equal, to have the motion uniform. Oa 
this Tredgold remarks, very justly, " An equable motion ia desirahlc tl 
almost every kind of machine, it being strained much more by aa brcgahr 
desultory one. as well as Ihe fabric that supports it, than when tb« UMlim 
is equable. The strength of the machine most be adapted to the ((mMI 
strains that occur ; but the quantity of work done is eqtiivalent to the mcaa 
action only, and more is not performed by a desultory motion than by ttt 
at a Tnean rate, and uniform. But uniformity of velocity is more w«gkl 
af\er in some of the applications of the steam engine than in othera b 
the marine-engine and tlie locomotive engine all the requiaite Bniftnkitj 
is obtained by attaching two engines to the main shaA. and so adjuiliaf 
them that the irregularities of the one engine partly counteract the im- 
gulariliea of the other. The plan docs not inaore perfect oniforKutj. bat 
It approaches to it aa far as particular circumstances foera to iMMit. 
In these engines no provision is made that the supply of ataoa uadi 
adapt itself to the amount of resistance to b« overcome. Agalft, w tit 
coumoQ pumping engine, there is not so mnch urgent nrccsailjr tat ■!> 
faniiity of oiotioa as in most other applications of the land-engine IptaC 
jndging from practice, we may infer that the advantage to be gitBcd hj 1 
greater uniformity in the velocity of the pumping engine ia not a wBriwlh 
great to compensate fur the increased expense incurred in provWag tm 
repaiiing a mechanism for redressing its inequalities. However, la Ma^ 
of the other applications of thi' land-engine, uniformity of velocity bdia 
great object aimed at, and provision ia made for approaimMing tO ilK 
closely OS possible. 

We have pointed out two sources of irregularity of velocity j ooe thi 
peculiar internal mechanism of the engine itself, and the other lb« OM^ial 
resistances which it has to overcome. We proceed now to iBOrtW i il 
detail the several remedies that have been proposed for ffdiiaaw that 
inequalities : and first we proceed to mention tho»e remediea vUek fciW 
been proposed for redressing the inequalities ariaing trom iIm 
mechanism of the engine itaelf. 



a£XE3>n:s w>a aEnHEwiso tiie ucEQUAUTisa AXiaaro raos 

MKCHANIitlU or THE UfOINE ITSELT. 

Before the improvements which Watt effiected 00 tte steoa C^glM^ H 
had never been employed for any other purpoae lave tkat of nma^ vrtV 
by working pumps. All that was rcqniaitc for tliis, was an npvarl fcrat 
capable of tlevating the piston of the pnmp when loaded with a colaaaa «f 
water. The piston of the cylinder, after il had made ita downward atroki^ 
waa raised to the top of the cylinder by the preponderating weight of A» 
pump piston and balance weight, and sometimes the pump tad of At 
beam was made longer than the cylinder end. But in aar em» At 
only means employed for redressing the intermittent action of lae aoviat 
agent was the preponderating weight of the pump cud of the be«». Tknv 
means are obvionaly very imperfect, and would be quite iaauAoesi fet 
obtaining that regularity of velocity which many of the Bodcm afpOn* 
linns of Ihe steam engine to the different arte and maaalhetona rufilM 
But great uniformity of velocity is not an all-important desidemtok ia At 
pumping engine. ^^ 

Watt's first improvements were all conducted with reference to tk* mm 
prevalent application of the steam engine to pump water. Hit aiagi^ 
acting engine, like all ihe engines previously constructed, eoald mtf 
generate power in the downward simke of the piston ; and ita only advaa* 
tago over ita predecessors wan, lliut it extracted more nseftil effect fkwa a 
determinate quantity of steam. The upward stmke of the piatOB was MB 
effected by the preponderating weight of the pump end of ibebaSbtal 
before the steam engine could be applied to other purpoacs thaa 
water. Watt iKTceived that it wonid be necessary to drive the lai 
both in the upward and downward stroke of the piston. Aa maatj aa w t al 
page 16. he at first proposed to place a cylinder under each end of the ftWI 
beam, so that when one of the pistons would be rising the other wuakl W 
falling, and aa the cylinders were to be rapplied fhim the nme boUcr, mi 
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the •tMm to be eondeoied io the same condenser, he thought it probable 
that the two actions on the beam icould produce a regular and unifomi 
mocioo. Thia project was never carried into exccutiun ; it was entirely »up- 

elanied by the double-acting engine, which Watt soon afterward* constructed, 
lut even although it had been carried ^nto execution, it would obvioosly 
have come vctt far short of producing a perfectly uniform velocity. 

We hare already mentioned, that in the marine engine and locomotive 
mgine an approximation to uniformity of velocity and uniformity of pres- 
nire is obtained by ptitting two engines upon the some ohaft, and so 
a^juating them that when the piston of the one engine is at its maximum 
irelocity, the piston of the other is at its mlninuia, and vtce vcrta. This is 
effected by placing the cranks at right angles to one another. The velo- 
city obtained in this way is more nearly* uniform than when only one 
engine is used, but, unless assisted by a fly-wheel, the irregularities wouSd 
be too great for many of the nice applications of tLe modern steam engine. 
Aaother objection to this plan is, that it requires two engines, and thus 
likca up more room, and offers more constructive difficulties, than if the 
Tvqaisite power were obtained from one engine only. These objections are 
to a certnin extent obviated by an, ingenious plan first proposed by 
Mr. Mark Isambard Jiruuel, and for which he obtained a pateut in 1823. 
la his plan, instead of using two cranks, two eytinders are employed to 
gt-re motion to the same crank. This is effected by inclining the two 
cjUnden to one another at an angle of about 90°, and cauiiing them to act 
upon the same axle by means of their conneeting rods. The frame of the 
•Bgine is of the form of an isosceles triangle. The working cylinders rest 
upon the inclined sides, and the main shatt, upon the apex of the trian;;le. 
The ptstnn-rod is preserved in its rectilineal course by metal rollers 
rUBftiog npon guide plate«, which act a similar part to the vertical guides 
io the common direct-action engine. Mr. Brunei slates that the axis of the 
Cylinders should be inclined to one another at an angle of 102°; having, 
Aa he saya. found that angle to be preferable to all others for transmitting 
m rotatory motion to the axle from the reciprocating motion of the pistons : 
but there seem* to be no theoretical considerations which would lead us 
to prefer an angle of loa"^ to an angle of 90°, except that Ihe weight of 
the pistons and their connections presses only in a downward direction. 
Uodemeath each of the working cylinders is placed a small cylinder con- 
taining the valve. The valves are wrought by eccentrics from the main 
fthaft, and the steam is alternately admitted into one end of the working 
cylinder, and a pusage opened for its escape at (he other, as is the usual 
arrangement. From this form of constniction it follows, that when the 
piston of one of the eylinders is at half-stroke, the piston of the other is at 
the terrainatioD of its stroke, or nearly so ; and thus the irregularities of the 
one cylinder partly counteract the irregularities (»f the other. • It is obyiou.s 
bowerer, that this engine, whatever may be its pecaliar ad>'antage8 in 
other respecta, will fail in obtaining any greater regularity of velticity than 
is obtained in the more usual construction, by placing two marine engines 
Of two locomotive engines upon the same shaft — a motion which of itself 
M too irregular for many of the modern applications of the steam engine. 

When the expansive principle is employed in an engine, it involves the 
COodilion of a variation in the intensity of the moving power. If the steam 
act* with a uniform energy on the piston as long as the supply from the 
boiler continues, so soon as that supply is stopped by closing the steam 
Talve, the steam contained in the cylinder will £11 a gradually increasing 
Tolame by the motion of the piston, and conse()ucntly will act above the 
piMoD with 1 graditally decreasing energv. Now, if the resistance to the 
noTiag power be not subject to a variation corresponding exactly to this 
Tiriation in the moving ptiwer, the result will be that the motion will cetisc 
to be uniform. For if the momentum of the moving power at any part of 
the stroke be greater than the resistance, the motion of the machinery will 
be accelerated ; and if it be less, the motion of the mpchinery will be 
retarded. Hence the application of the expansive principle will introduee 
IrTKiilarities peculiar to itself. In the patent which Watt took out for the 
mJiflMwn of the expansive principle, he specified several expedients for 
■pproximating to a uniform effect upon a ttniform resistance, notwiihstand- 
iog the variation of the energy of the power which necessarily attended 
the expansion of the steam. t>n« method consisted iu causing Ihe moving 
force, when acting with the greatest energy, to impart momentum Io ■ mns* 
of inert matter, which should be made to restore the same force when iLe 
■toeing power was more enfeebled. Another expedient consisted in 
csaiiag the moving power, when acting with greatest energy, to lift a 
Wtigfat hong considerably above the centre of the beam which should resist 
Um Mccnt of the piston at the beginning of the stroke, but aid its motion 
M MMH m the beam passed the horizontal line, when the weight, like a 
fOBhler, would (ass its centre of gravity. He also proposed to make the 
piatoa act on a tever, which should have an arm of variable length, and so 
regulated, that when the momentum of the moving force increaaed or 
diminished, the length of the arm diminished or increased in the same 
proportion. This last exjx'dient had been already applied in mechanics for 
the purpose of equalising a varying power, and a familiar example of its ac- 
tion occurs in the internal mechanism of a watch. When a watch is newly 
wound ap, the force of the spring is much greater than when the watch is 
nearly run down ; so that if the force of the spring always acted at the 
same leverage, a very unequal velocity would be produced. The irregu- 
lariir, however, is counteracted by the varying diameters of the grooves 
e, on which the force of the spring, through the intei^entioa 



of the chain, act*. As the watch goe« down, the main -spring relaxes, and 
its force diminishes ; but then the chain acts upon a wheel or circle having 
a diameter increased in the same proportion as the strength of the spring 
is diminished. This expedient, however, has never been successfully em- 
ployed to regulate the action of the moving power of the steam engine; 
and it does aot appear to l>e as practicable a scheme as that of hanging a 
weight above the centre of the b^m. 

The following ingenious expedient for equalising the action of the steam 
in the engine, was first suggested by Mr. Buckle of Soho, and constructed 
by him for Mr, Lucy of HirmiDgham. It acts upon the principle ol 
causing the engine to drag up a piston against the pressure of the atmo- 
sphere when the euergy of the moving power is above the average ; the 
pfiwer thus consumed being returned to the engine by the atmosphere 
forcing dowTi the piston when the energy of the moving power is below the 
average. The manner in which this is accomplished may be easily under- 
stood fh>m the accompanying figure. P represents the piston in the cylinder. 



Fig. 178, 




■rcKii » PKst'M trie igvALiUH. 

LL the great beam, LR the connecting rod, RO the crank, and R W WW 
a toothed wheel csrrried round by the crank. These are all the same as in 
the common steam engine. There is added r iric v, a smaller wheel, whoee 
diameter is only one half that of the larger, and consequently it has only 
one half the number of leeth. The small wheel will obviously perform a 
half revolution whilst the large wheel performs a quarter revolution. // if 
a second lever, driven by the crank of the small wheel, to which it is 
Bttiched by means of its connecting-rod. The piston-rod / H is attached 
to the small lever //, carrj-iug with it a piston from top to InMtom of an open 
cylinder H. At the points marked 1, 2, 3, -4, the circumference of the 
great wheel is supjmsed to t>c divided into four equal quadrants. Suppose 
now that the figure represents the state of the engine when the piston is 
ascending. Whilst the crank moves (W>m its present poaition to the 
position corresponding to 2. the small wheel will have performed a senii- 
rerolotion, and the piston H will have ascended to the lop of the open 
cylinder, leaving a vacuum behind it. The piston H has been dragged up 
against the pressure of the atmosphere, and this has consumed so much of 
the power of the engine. This power, however, is not loet— it is only lent : 
for while the crank moTes fVom the poaition 2 to the position 3, the pressure 
of the air forces down the piston, and then the mechanical power is given 
back to the large wheel. .Ajjain, whilst the crank moves from the poaition 
3 to the position 4, the piston II has to be dragged up to the top of the 
cylinder. Finally, whilst the crank moves from the position 4 to the 
IKtsition 1, the pressure of the air forces down the piston of the open 
cylinder. Thus all the power consumed in dragging up the piston 
against the pressure of the atmosphere, whilst the crank moves fVom 1 to 
'i and from 3 to 4, is faithfully gix-en out to tlie wheel whilst the crank moves 
from 2 to 3 and from 4 to 1. By this arrungement the engine is made to 
lay up. as it were, a store of p<twer when the moving force is acting with 
greatest energy, and this store is employed to assist it when the moving 
force is acting with least energy. The pressure of the atmosphere is very 
adroitly converted into a sort of rMerroir, in which it depoaiied the surplus 
power generated while the crank mores from. 1 to 3, and ftvm 3 to 4, to 
be withdrawn in order to supply the deficiency whilst the crank movea 
from 2 to 3 and from 4 to I . Let a denote the ntunber of square inchea 
in the pUton H, and h the number of feet in the diameter of the small 
wheel ; then the power necessary to drag the small piston from the bottom 
of the cylinder to the top, exclusive of the friction, is represented by a 
mechanical effect of ISxAxAtb. raised one foot high. Hence, the 
total effect of this pneumatic pump is equivalent to causmg the engine to 
raise 15 v a « Alb. one foot high whilst the crank is paasing the quadrantal 
points, and allowing that weight to fall whilst the crank is passing th* 
line of the centres. At the first consideration we may perhaps infer that 
there would he a sodden change of velocity and preasnre when the small 
pitioQ had arrived at the top or the bottom of its stroke ; but a little more 
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■tientioo tiill ooDTiace m that the chAn^e is grvdniilly introducpd by the 
pecnliar relation of the vheeU to one another. In th« position represented 
io the figure, the crank moves a certain distance past position I withont 
rniiii\ji the piston to any (ixeat extent. As the crank descends to the 
quadrantal point, in which po!>ition most power is generated, the crank of 
the small wheel descends to its i{uadrantJtl point, in which position the 
presanre of the atmosphere on the piston 11, offers the greatest resintance 
U> the motion of the wheel. After the large crank has parsed its quadrantal 
point, the energy of the moving power begins to lessen, and at the same 
time, the small crank having paiised its quadrantal point, the motion of the 
small wheel is less retarded by the preMure of the atmosphere on the piston 
il. When the large crank approaches to the |x>«!(ion 2., the small crank 
approaches to the lowest part of its revolution, where the pressure of the 
■tmosphere on the piston H, offen little opposition to the motion of the 
■mail wheel. It is unncee.s!iary to examine the ac'.ton of the pump through- 
nut the whole revolution of the wheel, as it would be only a repetition of 
the process for a quadrant. But we see that, by the peculiar connection of 
the wheel, the pressure of the atmosphere acts at one time as an accelerating 
f'jrce, at another as a retarding force ; that the change is nut abrupt, bnt 
gradual ; that it acts most efficiently as a retarding force at the very 
moment that the energy of the moving force Is greatest, viz., when the 
large crank is passing the quadrantal points ; and finally, it acts most 
efficiently as an accelerating force at the very moment that the energy of 
the moving force is leaat, viz., when the crank is passing the line of the 
Centres. In fact, this pneumatic equaliser approaches more closely to 
theoretical perfection, than any eipedicnt ever proposed for equalising the 
action of the engine. It may easily be shown that the equalisation of the 
•flcolivc pressure on the shafts is more efficient than that obtained by 
uing a pair of engine*, and certainly it is nmch less complicated and 
expensive. The superiority is still more manifest when we consider the 
regularity of velocity which it in practice has been known to Introdoce. 
The principal objection against the expedient is that the toothed wheels 
are very bad constructive expedients, as they cause considerable friction, 
nod the teeth are apt to break and to throw the whole into disarrange- 
ment. But it is obviously not impouible to obtain the same resalt by a dif- 
ferent mechanitim. All that is essential is, that the shaft on which the 
small wheel is placed, should make two revolutions for each revolution of 
the main shaft. Can this only be effected by the clumsy expedient of two 
toothed wheels working into one another ? Several ingenioiu expedients 
Lave been proposed for enabling one shaft |>erfurming a certain number of 
revolutions per minute to drive another shaft so as to make more revolu- 
tions per minute without connecting them together by tooth gearing ; but 
it would take up too mnch of our space to describe them here. We may 
only refer to one which is applied in Smith's direct action engine, a plate 
of which we have given in this work. This expedient enables the main 
ahait to drive a second shaft with a double velocity *, the very thing which 
it required for Buckle's pneumatic equaliser. We may remark that ex- 
pedients for multiplying velocity are invested with additional interest at 
present, from the introduction of the screw propeller. Before a sufficiency 
of r^istance can l>e obtained from the screw propeller, it must be made to 
perform more revolutions per minute than the paddle-shaft, in (he more 
cotamon constnictinn. This new problem ia at present exercising the 
iliMflaity of many of our engineers. 

To demonstrate the practical efficiency of Backle's equaliser, we may 
instance the great suecet* which has attended its application. The following 
is Mr. Scott ItuascU's description of the circumstance* which first led 
to its adoption, and the complete success with which it was crowned : — 
" .Mr. Lucy had constructed at Birmingham a flour-mill driven by steam, 
and it had been his object to obtain perfection without any limitation of 
expenie. lie had got one of Boulton and Watt's best stenm engines, and 
yet he found that his raitl neither prodaccd such perfect flour nor moved 
•o smoothly as mill* driven hy water. On the contrary', it was fonnd that 
the irregtilarity of the motion proluced a larger qoantily of eoarse thnn of 
fine flour, at a mercantile loss to the owner; and it was likewise fbund that 
the irregular propulsion d tenjo interfering with the uniform motion, 
towards which the millstones tended by their own momentum, produced ■ 
clanging reciprocation along the whole line of toothed gearing, which was 
most injurious, and rapidly destructive to the toothed wheels. When we 
▼iMted the spot in 18,18, the ruins of former wheels, roost unequally worn 
and totally destroyed, were strewn about the yard. The nsual plan of in- 
creasing the Weight of the fly-wheel was resorted to without success, and Mr. 
I.ocy applied to Mr. Buckle to propow a remedy for the evil. This remedy 
Mr. Buckle f<Mind in the very simple contrivance of a pneumatic pump. In 
the mint at Hoho a pneumatic pump had been introduced by Mr. Watt, for 
the purpose of producing a reaction, on the principle of the exiverinients of 
Olo Oucricke, which wc have already described. The force of the steam 
engine was made to draw up a piston from the tK>ttom of a critnder, leaving a 
vacuum below it. Into this vitcuuin the piston was again carried down, after 
th"" aciiim of the steam had ceased, by the whole force of the atmosjiliere, 
atncmnting to alvjui I.SIbs. on eriry inch of its sorface. Thus the atmo- 
sphere was rendered a reservoir of power, the power l>eing first of all taken 
Up by forming the vacuum, and again given out by the atmosphere pressing 
the piston down into the vacuum. So perfect was the action of this 
mochaiilsni that the fly-wheel had been wholly removed, and the engine 
aa4 liic whole mill-work were moving in the most smooth and effective 



manner. It was found that the change enabled them to gtvc 
grinding stones a greater velocity than formerly, ao that the 
ground was greater, in the proportion of 56 to 5S, oad tlie q«aslily of da 
finest or first flour, from the same wheat, was Ukewiae mnob iaeiaMi) 
so that, both by quantity and quality, the owner of the mill wa* sov aMi 
to command the muriel. The some motion has subsequently t>e«n applM is 
cotton mills with perfect success, the quality and the qtuntitj at yan 
produced being much improved."' 

The last expedient for e<itmli8ing the action of the steam which «« tUk 
notice, is that known as the fly-wheel. The fly-wheel deri*«a iD m 
efficacy as an equaliser of the action of the steani from the prtaeipl*, (ha 
a hirge mass of matter offers great reaistaooe to k ohaage vi BMilia& b 
a common double-action engine, the steam Iom* all euerg| M B woe tm 
power for driving the machinery when the crank is passing the lute of ih* 
centres, and a person not familiar with the laws of matter might taocladi 
that the engine would come to a stand-still, unless some moving Ibroe wm 
applied at these critical positions. It is well known, however, thM tts 
momentum of the moving parts of the machinery will supply ■ fbct* hI^ 
eient to force the cmok over the centre, although with a diminished 'w J o dW . 
The monietitum of the moving parts acts therefore to ■ certain atctt m a 
resruhtor of the- action of the steatn, and the addition of the dy-«hMl 
only promotes regularity of velocity in so flu* aa it incrrasea this 
mumenttiin. The moving force of a body in motion is estimated by tte 
product of its mass into its velocity. If, therefore, we wiah to nftlmt 
the velocity of an engine, by increasing the momentum of ita maviatK P"^ 
we have only to connect with it some large mass thai il morcB vM 
great velocity. Such a mass is the fly-whi-el : it is mode of larye db> 
meter, so that its rim revoWes with great rapidity ; and the rim ia lude if 
great weight, it bebg generally cooctmctnl of cast iron. It ia ehnaw 
that the same amount of momentum may be obtained by other Ibnu rf 
consimction ; but the wheel possesses three advantages pfenljsr lo toril 
which entitle it to the preference: it consumes no power by frictaoai h 
suffers but little resistance to its motion ftom the air; sod. Cmflj. kta 
be so exactly poised on its axis as to cause little strain on the BMhiMry. 

When the piston is at half-stroke, the energy of the movinf (brc* 
is at its maximum, so that at this time more mechanical effect b |«ar> 
rated than the tuual resistance can appropriate, lite surplua ■»» 
chanical effect is expended in qaickening the velocity of all the wotiaf 
parts of the machinery. But the greater the imiss of a moving body. iW 
more opposition does it offer to a change <>f motion ; ao that the large ■■■ 
of the fly-wheel absorbs the surplus mechanical effect withoat my grat 
change of velocity. As the crank approaches the dead points, the »A<l 
of the moving* power u]K)d the axle and the wheel is gradually ea fuM s d . 
The defect can only be siipplii'd by abstracting some of (be moSMsnsB 
of the moving parts, and in these circumstances the large mass of the fy* 
wheel can give out the sufficient qiuintity of momentum withont any ca»> 
siderable change of velocity. The mass of the fly-wheel is thus Mwmmd 
into a reservoir for receiving the surplus power at one tiim-. ai>d giriag II 
out at another. It is obvious, however, that the eqnalisation of the Bidiisi 
produced by the fly-wheel is partial, and can never be theoreticsUy periML 
The fly-wheel acts as a receptacle of momentum, and as matter can ttif 
receive momentum or give out momentum by a change of relocky, ia 
agency as an equaliser presuppo^s a slight change in the velocity ot all the 
machinery. The motjon of revolution received by the main shaft il 
always subject to a variation corresponding to the smouni of change «tf 
momentum in the grreal moss of the fly-wheel sufficient to extncate ths 
crank twice in every revolution from its critical position while pasngths 
line of centres; but this change can be rendered smaller and smaller W 
increasing the weight and magnitude of the fly-wheel. Backle's Pneoaibe 
Equaliser acts upou the principle of increasing or diminishing the !«■•• 
ance according aa the energy of the moving force increases or dimiitiahes; 
the fly-wheel, on the other band, acts upon the principle of incfcaang the 
momentum of the moving parts of the machiaery, so that when the cimg y 
of the moving force is greater or less than the resistance, the aorplua any 
be absorbed or the defect supplied without any seuible change in ib« 
motion of the whole. The former is capable of theoretical perfection s the 
latter must necessarily fall short of thiU perfection, though it may be aads 
sufficiently near it for practicable purposes. 

We proceed now to mention the considerations upon which we ha*S 
founded the role given in page 1 j7 for proportioning the aiae of the ii- 
wheel to the length of stroke and the diameter of the cylinder of cm 
engine. It is to be remembered that in proportioning a fly-whccl to a 
given engine, attention must be paid to many particular circamstaaeia 
which we have neglected io the general rule. Attention must be paid, fee 
instance, to the degree of regtilarity which the particular appUeatioa id 
the engine requires ; for although unifonnlty is always deainbie, it is iC 
much greater importance in .some cases than in others. Again, the tlfc a iy 
of the fly-wheel in producing uniformity of velocity ia materially nodiiii 
by the nature of the machinery which the engine ia employed to drieiL V 
the machinery coosiKt of large masses in revolution, each as the BillsMMa 
in a flour-mill, the agency of the fly-wheel will not be so moch aecdidLsa 
these masses will tend to uniformity of revolution by their own maaMaO^ 
In (kct, properly to proportion the fly-wheel, we ought to have regaid afl 
only to the momentum of the fly-wheel, bnt alto to the niaaicntaoi of the 
other moving parts of the machiiiery. But the latter cannot be sttcadid 
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to is a i^nenl nile, vhica nn onljr give tbe proportions of the €f -wb«el 
•uch that, although dilFerent engines are employed to drive the same sort 
, of machinery, the same degree of equallsatioa will be obtained. It vt 
obvinua that the proportion between the power vhich is generated in the 
cylinder during one half-stroke, and tbe power which must be resident in 
the fly-wbeel to constitute it an equalizer, ought to be the Ranie in engine* 
of all tizes, in order to produce the santc approxioiatiou to unitbrmicy of 
motion. For although the encrpy of the moving force varies, stilL, when 
th« engine ia making the usual nuniber of strokes per minute, the total 
mechanical effect generated during one hnlf-titroke is exactly equal to the 
mechanical effect consumed during rhe same time by the resistance offered 
to the machinery, and by the friction nt' the different moving parts ; and 
therefbre tbe fly-wheel has only to do with the amount of variation, which, 
in engines of the same construction, has always a constant ratio to the 
mechanical effect generated during one half-Ktroke. Before, however, we 
can compare the power resident in a fly-wheel with the power generated 
during one half-stroke of the engiae, we must have some way of estimating 
the amonnt of power treasured up in a moving body when we know its 
VUU and Telocity. It is famil'mr to the observation uf every one, that it 
requires the eiertion of some force, either to bring a body at rest to a state 
o/ motion, or to reduce a body in motion to a stnte of rest All writers on 
mechanics state the following genera) law, founding it upon observation: — 
" flatter never changes its state of rest, or it* state of moiiou, without the 
exertion of some extraneous force upon it." A ball in motion has in itself 
a certain moving energy, which, on the application of the proper machinery, 
can be extracted from it. and made to produce a useful effecL This 
raoring energy has been put into the ball by some extraneous agent ; and 
it wroold continue in the ball for ever, or at least as loug as the present 
laws of matter exist, unless some extraneous force, such a» the resistance 
«f the air, be applied to extract it It is to be remarked, also, that it 
require* the exertion of as much power to reduce the body in motion to a 
■tale of rest, as it did to bring it from a state of rest to its present state of 
motion. It is found from observation, that if two balht moving in opposite 
directions impinge against one another, they will be brought to rest if their 
weights or masses be inversely as the velocities with which they move ; 
or. in other words, if the product of the weight of one of the balls into its 
velocity be equal to the product of the weight of the other ball into its 
Telocity. It is this product which scientific writers understand by the 
term mnmcntum. For our present purpose, however, it is necessary to 
Mtiaate the moving energy of a body in motion by the meoliauical effect 
which it can produce, or the number of fiounds which it can raise one foot 
ki^i. This i^ a more tangible standard of measurement, and will he more 
eadlj apprehended by those who arc familiar with a similar method of 
eatimattog tbe power of a horse, or of a certain qoaotity of Rteam. With 
referetice to this standard we now proceed to prove tbe following pro- 
poaidoo: — 

A hoiljf of r lb. teeight, moving teith a vtlocity ofv feet per leetmd, hat a 
MorinjT entryif whote mechanical effctl it P a (c-i-H)'' lb. raited 1 jool kigk. 

For, let A denote the height in feet through which the body has to fall 
in order to acquire the velocity p, by the action of grarity. Then we 
know, from the laws of falling bodies that A = e'-j-G4 = (i'-r8)', and the 
hall will have a mechanical effect treasured up in it = P x A = P x (I'-i-S)* 
Ibk ruisrd one foot high. Now, as the moving ball will poKitess the same 
amonot of energy however the veloriiy )»> acquired, it is obvions that, in 
ireaeral. a ball of P lb. weight, moving at the rate of c feet per second, 
tnu treasored up iu it a Diechanical effect of a pK{v-i-sy lb. raised one 
iViot high. 

ExxtmpU I. Required the mechanical effect treasured up in a hsU of 
30 lb. weight moving at the rate of 12 feet pt-r second. 

In this case the mechanical effect treasured up in the ball — 30 x (,13-mjJ' 
^67) lb raised one foot high. 

EtampU 2. Required the mechanical effect treasured np in a cast-iron 
fly-wheel, who«e mean diameter is no feet, sectional area of rim 60 square 
inchea and making 20 revolutions per minute. 

Before solving this, it will be necessary to calculate the velocity of the 
rim in feet per second. The diameter of the wheel being 30 feet, tbe 
cirramlbrence of the wheel = «- x 30 = 94-248 feet; and tit the wheel 
makea 20 revolutions per minute, the velocity of the rim =3 94-348 x SO 
n|894-96feet per minute. Hence n = velocity of the rim in feet per second 
>r 1884-96 -1-60 s: 3 r4 1 6. Again, the cubical content of the rim = sectional 
area x eircomference -^ 60 x 94-248 -=- 144 = .'i x 94248 -^ 12 = 5 k 7 -854 
«= 39-27 cubic feet, and the weight of a cubic foot of cast iron = weight of 
cobic foot of water X specific gravity = 62.J k Tj = 4.'j3J lb.; so that the 
weight of the rim =39-27 x 45.11 lb.=. 17794-22 lb. Hence the mecbanical 
effect treasured np in this fly-wheel= 17794-22 « (.31-4l6-r&>'= 17794-22 
« {3-927:>» = 17794-22 « 15-42=274386-87 lb. raised 1 foot high. The 
nominal horse-power of an engine represents a mechanical effect of 13,000 lb. 
raiaml I foot high per minute, so that this fly-wheel possesses within itself 
more mechanical effect than is expended by an engine of eighthorse 
power upon its resistance for one minute. Tliis is entirely independent of 
UM mechanical effect treasured up in the arms of the fly-wheel, and in 
dw other moving parts of the machinery. 

In a common double-action engine constructed on TrVatt's principle, the 
dTective preMuri! of tbe steam on the piston is about 7 lb. per square inch. 



Hence, if S» length of stroke in feet, D<= diameter of cylinder in inchea. 
and Jn = ratio of the average mechanical effect treasured up in the fly- 
wheel to the mechanical effect generated during one half-stroke, then the 

total mechanical effect usually resident in the fly-wheel =7 » . » x !>• » - 

=■7 w ni D* .S-r8 lb. raised one foot high -, and for any particular case, 
we must determine the sectional area so that for a given diameter of fly- 
wheel, and for a given number of revolutions, the average mechanical 
effect shall equal this. In practice, the average speed of the piston 

= 128.*'S feet per minute, and therefore, if the fly-wheel makes one revo- 
lution for each double stroke of the engine, the number of revolutions per 

minule = 128Ji'S-r2 S«=64-5-S'j but if the fly-wheel makes a revolutions 
for each double stroke of the engine, the number of revolutions per minuie 

= 64 n ^ S '. Let (/4eaote the diameter of the fly-wheel in feeL Then the 

circumference ssvi, and the velocity in feet per minntc»«(/ k 64N-fS% 

and the velocity in feet per second = 1-06 nvd-fS* Let now A »= area of the 
rim in sqtiare inches, nud So the tipecific gravity of tlie body as compared 
with water. Then the content of the rim in cubic feet «■» 1/ .\ -^144 ; 
and the weight of the rim in lbs, = » r? J A » weight of a cubic foot 
of water in lb. .j- 144 »r</8A k 62(-r 144 ^^ wJS A x-434. Hence the 
mechanical effect in lbs. raised one foot high-TiiSA x -434 x (o-i-8)* 

= tdik X -434 X (ISawrf-f-S^)*- 00771 ii*»* 8rf'A + S^. 80 that, t9 

determine A, we have the equation 

•00771a»w«8(/»A -TwD'S; 



S^ 



or. 



-06168 ya'»»«<f A.= 7mD»S' 



•0088 1 B* iH 8 * A =. w D* S* X >'S ; 
or. substituting the value of ir*=(3-Hl6)' = 9'8696, 

•Ofe69«'8rf»A««D*S»x .ySj 
aud therefore, 

a lytyx Vs 



-ll'507x -nx 



(P 



Id this equation the number denoted by m remains (o be determined. 
As we said previously, this number regulates the degree of uniformity uf 
velocity obtained by the action of the tly-wheel. S<iuie theoretical confi- 
deralioDS might here be advanced, which might enable us to estimate the 
value of m corresponding to any particular amount of variation of velocity. 
Supposing that we knew tbe law according to which the preMure on the 
piston, and the velocity of tbe piston, at diifcreut parts of the stroke, vary, 
we should have to calculate how much surplus power is generated during 
the favourable circumstances, and the defii-iency of power generated during 
the itnfavourabLe circumstances, and tlien int|uire what most be the value of 
w. in order that tbe storing op of the surplus power in the fly-wheel rim at 
one time, and the withdrawing of that power to tiupply the deficiency at an- 
other time, wouM cause tbe velocity to vary only within the proposed limito. 
This could easily be solved if we neglected the var'uition of resiittance conae- j 
quent upon a variation uf velocity, and knew accurately the law according (• ( 
which the pressure on the piston and its velocity vary. Instead of this, how- 
ever, we propose to determine at entirely from practice, indeed, the dimen« 
sioas of fly-wheels which will have energy enough to produce a sufficiently 
regular motion for the purposes of maDiifactorieis has been determined by 
long experience, uiore ikcisively thati could be done by theory. It will Iw 
fonnd by obaervatiun of engines of all stses, that the energy- of tbe rim of the 
fly-wbeel is twially between three and four times the power generated during 
half a stroke. Iu other words, if the engine were only employed to give 
motion to the fly-wheel rim, and had not to overcome some unifonn resist- 
ance, it would reqaire between three and four haif-strokes of the piston to 
urge the wheel from its state of rest to the state of uniform motion with iu 
average veloeity. In engines working in conjunction, so that their cranks 
are at right angles, a smaller fly-wheel than usual will suffice ; and in 
many of the engines manufactured by &Ir. Fairbaim, of Manchester, and 
othei-H, a heavy spur-wheel on the crank shaft is the only fly-wheel cm- 
ployed. In engines, too, working at a very high speed — and land engines 
may be made to work at twice (he usual speed with advantage — a very 
small fly-wheel will answer, or in tbe case of coupled engines driving mill* 
stones or other large masses of tnatter in rapid rotation, or in the case u£ 
single engines provided with a pneumatic equalizer, it may be dispensed 
with all together. If the speed of an engine be doubled, a fly-wheel of' 
one fourth of the ordinary weight will produce the same effect as a common 
fly-wheel with tbe engine moving at the usual velocitv. We here sabjoin 
some standard examples of Boulton and 'Watt's ensine, which show that 
n. or the proportion between tbe energy of the rim of the fly-wheel and the 
power exerted by the pbton during one half-stroke, even iu those cDgioea 
varies considerably. 
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It will be observed that the value of m varief, in theie examples, frora 
the mininmm vaJoe, 2-6, to the maximam value, 4'16. It may be obterved, 
aUo. that the value of n drpcnda upon the nature of the machinery which 
the engine has lo drive. Thus when the engine is employed to drive large 
rolling-stones, the value of m is only 2-6, for these itooes act of tla'ai»c'hc-a 
a* tiy-wheels. At the Albion flour-milla, where each shaft had to drive 
five pairs of mill-«tone!i, the value of m was 2'77 ; but it it as found, opon 
calculation, that these mill-stones acted as efficiently of themselves as a fly- 
wheel for wbi<ha»»2-9;BO that the effective valneof m«.2-77 + 2-9-5*67. 
The largest value of m in these examples is 416, which obtains in the 
engine erected by Boulton and Watt at a dye-house in London. This 
large valne was necessary because the machinery driven had very little 
momt'ntacn of its own, and because in that case great regularity of velocity 
was considered necessary. In the preceding examples the mean value of 
■I is 3-12. For more modem examples the average value of m is greater. 
Perhaps the average value of m for modem engines is 35 • 3). We shall 
take III — 3] ; for we think it better to err in excess than in defect For this 
Talue the eqaation became* . 
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The Goutant 8 has diSerent values for diSereot materials: 

for malleable iron !• 7*63. 
ibreattiron t— 7*05. 

And for these different valoea oar equation becomes, aacceuively 

^ 6-65 D-S" >. *'S , ,, ^, . 
A— —J K -m — , for malleable iron, 

. 6185 D»S»xyS, 

A ■ —J- K j, , for cast iron 

la yraeral the fly-wheel makes one revolution for each double stroke of 
tiM engine, so that a •• I, Taking this value of n, it will be seen that the 
fbrmnfa for the lectiooal area c^f rim, when cooatmeted of cast iron, ia 
identicai with the role given for the tame porpoae in page 137. 

Fly-wheels are sometimes employed for other purposes than merely 
regnlating the velocity of the steam-engine. Whenever the employment 
of an engine is each that an enormous force is required to act only 
for short times, such as when it is employed for roll log iron, or for 
Stamping coins, then an cBormous 'fly-wheel ia attached to the engine, 
which absorbs the power generated when the resistance is removed, and 
gives it all the force at once at the proper moment. In these cases, the 
mass of the fly-wheel rim is generally much greater than when the fly- 
wheel is only employed to regulate the velocity, in order that the momenta 
may he accumulated without inconveniently mcreasing the velocity. Ia 
some cases the value of m is as great a> 50 ; so that the energy of the fly- 
wheel would be (30 -r 3^ o 13) thirteen times greater than what (he propor- 
tiona given by oar rule wookl make it. Fly-wbe<U moving ai a great 
Velocity should always have malleable iron arms, and the ring should be 
cast in a piece, and may be hooped with malleable iron with advantage. 

Bxrcpnirn roa aKORBnnta rm mqoAunu or ntiOisiTT Aaianco 

moM THK VAaiATtOM OF aKStlTAMCa VBICH TBS BKODtS Haa TO 

oTieacoHE. 

By tfto ' > whirh we have mentioned for equalising the velocity 

«f diiCUf.- >>iir>D imported to the main shaft «iU approximate to 

UBUbciuit j , (>,uiiu<-il that the moving power of the engine be always pro- 
portmwta to Ac load which th« eafinfl has to drive. But it is nhviotut 
that in the geftcral application of the Mcaa engine to the purposes of manu- 
ftcture. provision most be mode for a considerable variation of the amount 
of resistance. \t, while the amount of resistance was changed, the energy 
of the moving power remained the same, then the velocity- wotild also 
change, iaeratsing ai the reaistance diminished, and diminiahiag aa the 
rcatetattce tncreaaed. It is obvious that an expedient for redreaaiog the 



inequalities arising from this source may act upon the priadple e* «*?»• 
lating the ^upply of steam from the boiler. The clastic force cf the ttmm 
is the moving agent of the whole machine; so that if we wiah to h««p tj# 
mean velocity constant, we must regulate the supply of steam to the aaiMSl 
of resistance lo be overcome. The simplest contrivance for this |NUHOTa 
represented in fig. 22, at page 18. of this work. This eontrtviB«e W wj 
known under the title of the thiiottlk talvk j so called flraa ili agiail 
b cutting off the supply of steam by throttling it in the MMD pl^ ■ 
eooaists of an axis placed across the steam pipe so as to form th* daMBvMr 
of a aectioa of the pipe, and on this axis is fixed a thin ei^Mlar diae X, 
of nearly the same diameter as the inside diameter of the Mean pipei • 
that when the axis is turned to a certain position, the supply of Mma iacM 
off altogether. On one end of the axis is placed a short lercr or borfW 
Zw, by which it can be turned in either direction. When the haadW w 
tnmed so that the plane of the disc is nearly at ri^ht angles to the dirrctiea 
of the steam jjipe, the paasage within the pipe is closed altoMCher, aad 
no steam can find admission to tbe cylinder. On the other haod, wfta 
the handle is turned about a fourth of a complete revolotm fron iMi 
poaition, the plane of the circular disc will then be ia the dtTMlka of iht 
length of the pipe, so as to offer little or no oppoeitioa to Iha MMifi af 
the steam. By turning the handle to any other angle, tbe ditc may h( 
made to offer any required degree of oppoeition to the paasage of tha i 
In the woodcuts referred to the valve ia reprcaented ia aa ' 
position betwixt its position when the steam ia cut off aatmij, aal 
\xt position when the steam is allowed to pass flreely, A riew ffUm ttht 
as seen by a section of the steom pipe, is repTcsenled in one of iho pam ef 
fig. 22., and a section of it through the axis of the steam pipe ia wp re a e a wd 
in the other. Tbe form of the valve is obviously such that, if roswcnctid 
accurately, the pressure of the steam in passing f^om the boiler will ha*v 
no tendency to change any given position of the valve. If cotutncHd 
accurately, the quantity of surface on both side* of the axis is c^aaL mA 
therefore the pressure of the steam balances itself on tbe axii^ ao thai h CM 
have no t^ndt-ncy cither to chiuige the valve frttBk ita cXOTinf Boa irt aa, 
or to o]>posc the effect of a preKSure upon the h a n d le . Any aaght !>• 
accuracy in the construction of the valve, which would grve tjw alcaaa 
capability of changing its position, would be counteracted by the fH w i wrf 
the valve on its axis. 

By this expedient the variations of the velocity of the enghw. ooQaffaMl 
upon the inequalities of resistance which the engine has to aymtmt^ Wtif 
be remedied. If tbe load on the engine be ligbtened, then, tho loitlf IT 
the steam continuing the same, the motion will be immediately 
but the tendency will be counteracted if the attendant workman tnra 
tbe handle, so as partially to close the valve If, on the other hand. I 
load on the engine be increased, then, the supply <»f the steam eootil 
the same, the roodon will be inunediately retarded. To oounteraet < 
the attendant workman must turn round the valve, so as to admit a 
supply of »team. Hy the adoption of these means the mean velocity of At 
engine would be rendtTwl unifonn, provided the vigilance of the atlnwll 
workman were sufficient for the due management of the valve, and provided 
that ibf evaporating power of the boiler continued in sufficient activity ta 
supply the greatest amount of steam which would ever be oeocnaiy far 
tbe mamlenaDce of the mean velocity when the valve was fiiUy opes- 

For some purposes esgines are thus regulated by hand at the pltaaar 
of the attendant workman. In general, however, the proper maniiMilaiM* 
of the handle i» impracticable with any degree of vigilance and akiU wUifc 
could lie obtained from the persons employed to attend the ettgiac. D«Am 
the steam engine could he employed in those cases where great mSaimitf 
of velocity is rei]uired, it was necessary that means should b« Iboad far 
enabling the engine it*elf properly to manipolate the valve -vithiiat aay 
care or attention on the part of the attendant workman. Watt, after trying 
several expedients, fixed upon the conical pendulum or governor M At 
best adapted for this purpose, the principle of which has already ban 
explained at page 18. 



THX oovcaxoa. 

In the mechanism of the governor aa reprcaented injSj.23., EE i 
two heavy balls of iron, which are suspended from the point t by 
anns. These bars croaa one another at e, forming a joint there, wan mm 
continued to / At/ these bars are joined by pivott to other baia/k 
which last fit into a ring or collar of metal at F, placed on the "F*^^ 
spindle, so as to be capable of a motion upwards and downwards. tW 
lever FG n rests upon a bar at O as fulcrum, and is connected to tha riag 
of metal at F by means of a forked end interpoMd between two coJlai* oa 
the sliding piece. In this species of connection it is obTious that the rifif d 
meul may revolve with the spindle without moving the lever, h«t thM k 
cannot move upwards or downwards on the spindle without at theaatttH 
depressing or raising tbe remote extremity. H, of the lever. The h t Bj|f 
pass through slits in a metallic arch, which is firmly fixed to iha <VliP 
spindle, so that the balls, the arms, and the spindle must all rerolTt ad |W 
same time. If, now, the spindle be made in any manner whalr«« W 
revolve with a certain velocity, say thirty revolutions per mitiala, Ik* hill 
£ E will diverge ^om the spindle till their centrifiigal Ibroe halan cwi dbar 
weight. Let this be the positioii repreacntcd in the fifure. If the afiaA* 
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be made to make more ravolutvonis than 30, then the balls will diverge 
toon than what is represented iri the figure. The point? // will divi-rpe, 
•nd bj means of the bars fh putl down the one «nd F of the lever FH, 
and rule the other end H. This, by the meehanisni represented in the 
figure, vouid obviously tend to shut the valve, mid to cat off the supply of 
•team. If. on the other hand, the spindle be made to pertorm fewer revolu- 
tkxM per minute than 30. the boUt will colbpte more than what Ls repre- 
MBtad in the figure. The i>oiiit8 f/v'iW approach to one another, and by 
meaoa of the arms fit force up one end F of the lever, and depress the 
other end H. Th« will ohviously tend to open the valve, and to increase 
the lupply of steam. After this action is understood, it is not difficult to 
•ee how this expedient may be advantageously employed to regulate the 
▼elooity of the engine. Suppose that by some mechknism or other the 
upright spindle is so connected with some moving part of the machinery, 
thiU when the velocity of the engine is unduly accelerated, the spindle per- 
forms more than >'}U revolutions, and that when the velocity of the engine 
ia unduly retar()e<l, the spindle perfonns less than 30 revolutions per 
minute, then this expedient becomes a regulator of all the ioequalities of 
Telocity arising from the varialioas in the amount of resistance to be over* 
come. The upright spbdie may be connected with the fly-vrheel shaft 

• Vw memni of an endless cord passing over a bidbII grooved wheel d on 
the axis of the spindle, and wording into a similar groove on the fiy-wheel 
ahaft, or by gearing, which is a preferable mode in large engines. By 
properly proportioning the diameters of these wheels, the spindle may 
be made to perform any number of revolutions per minute. It is obvious, 
that by these meuns the speed of the grooved wheel cJ may be considered 
M representing the s[>eed of the tiy-whe«l, and of the machinery which the 
fiy-wheel drives. After these observations, and the reumrka upon (he 
sut^ect we have alntady made at page 34, the principle which renders the 
governor so admirable a regulator of the velocity of the mnchtce will be 
easily apprehende<I. Let t denote the lime in seconds of n periodic re- 
Tolution of the bulls, and h the height in inches of e above the horizanlal 
plane pa-tsing through the centre of the balls ; then, according to the formula 

L which we have given in page 34, — 
Let n denote the number of revolulioos per minate, then we have the pro- 
jwrtion — 
^r ■31986 -/A 

or >i — 187 '58+ 5/^, which also may he written A=.'J518<j-rn*. We hove 
■Bppoaed J^. 23., page 18., to represent the divergence of the balls when the 
iridic wai making 30 revolutions per minute. In that case n=3i), and 
4— 351«6 + S0'-36186-S.flO0 = 39-09 inches, or about 39^ inches. Now 
cuppoM that the velocity of the engine was accelerated so mnch that the 
apinille performed 31 revolutions per minute; then, taking n::=3], we 
obtain A>35l86-r31*»331BG-r96S =36*61 inches, or Eomewhat more than 
S6| inches. Thus, befure the spindle can perform one more revolution per 
minnte, the plane of revolution of the balls rises 39^^ — SS-J^ -^ 3jj) = 2[ inches, 
vhich obviously would cause a v«Ty great change in the angle of di- 
'vergence of the arms £r/ Suppose, on the other hand, that the velocity 
of the engine were retarded so much that the spindle performed only 29 
revolations per minute. Then, by taking nsSS', wefind A = 35l86-f29* 
»95k86-r84l =41M iBches, or between 41J and 42 Inches. Thus before 
the spindle can perform one less revolution per minute, the plane of revo- 
Uttioo of the balls must fall 41-84-39-1 ==3-74-3; inches nearly, which 
woold obviously cause the angle of divergence of the amis Ec to dimini&h 
T«fy ooostderably. The eflScicncy of the governor in regulating the sup- 
fljr of steam depends very much upon the mechanism employed to cnm- 
manienie its agency to the throttle-valve. We may suppose the relations 
of the different bars Eef,fh, FGH, and H v^. to be such, that when the 
borisontal plane passing through the centre of the two bails EK is only 
36-61 inches below the point of suspension e, the throtlle-valvc would 
entirely cIok up the steam-pipe, and that when the horizontal plane 
passing thro ugh the centres of the two balt< EE is 41-84 inches below the 
point of sus()ension e, the throttle- valve would be fully open. On this 
sapposition the effect of the governor would be, that the engine could 
MTvr be so much retarded as that the opright spindle perfomuHl less than 
39 rrrolutions per minate, or so much accelerated that the upright «pindle 
psiibnncd more than 31 revolutions per minute. This would ensure that 
the grealest change of velocity of any part of (he machinery could never 
esec«d A •• 1^ of its mean velocity, — a variation which in practice is scarcely 
perceptible ; so that such a governor might be considered as jiractic.illy per- 
frct. In the best modern engines the amount of variation is seldom less 
than one-tenth of the mean velocity. But we may easily suppose the 
governor to he so connected with the engine as to act with even greater 
edleiency than the one which we have described. The governor can be so 
proportioned, and so connected with the engine, as to make 60 re^-olutions 
per mioate; and the mechanism connecting it with (he throttle-valve may 
oe so eontrived, that when it makes 59 revolutions per minute the valve 
m»j be fully open, and that when it makes 61 revolutioos per minute the 
tbIts may entirely closed. In this case the greatest variation of the vel<H 
city of any part could never exceed one-thirtieth of the mean velocity of 
Uuit put.' Indeed in theory there is no limitatinc to the degree of rego- 
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larjty which may be prodoced hy the application of the goTeraor. Praa 
tical considerations, however, limit the application of the principle i* 
several ways. It has been found inconvenient, for example, to allow 
minute alterations of the governor to affect sensibly the position of the 
valve, and in order to prevent the inconvenience arising from a continual 
changing in its position it is found ex|)«dieut to construct the governor 
such that even a considerable change iu the divergence of the bolls shall 
not produce too much alteration in the opening of the valve. This con- 
sideration, and several others, limit the application of the governing 
principle, and prevent engineers from approximating so closely to theoretical 
perfectinn, as the principle permits. 

Id the constmctioii of a governor to regulate a particular engine, it is 
necessary to consider the pKisitioo of the bolls corresponding to the mean 
veloeity of the engine, the range of motion which must be given to (Lc 
arms so as to enable them to confine the variations of velocity within 
certain liioits, and the weight of each of the hails. We proceed to con- 
sider each of these pobts separately. 



POOTTOK OP BALLS WHEN KOVINO WITH UZJM TELOCITT. 

To determine thia position, we have only to consider the vertical height 
of the point ofsuBpeusion above the horizontal plane passing through the 
centre of the halls when the spindle is making the average number of Tev(K 
luUoas per minute. This is foimd frocn the formula 

. 351B6 

From which we have the following rule : — 

Relh To determine the height of the point qfntpentitm abcu'v the plant 0^ 

the balLi, when moving with mean velitcity. — DiviiU the numtier 3,>I86 6|/ 
tlte njuare of ihe mean number of reVoltUione per minute. The <fvotient i» 
the height of the point of mupauioH above the pUuu of tlie bulla when tnooing 
with mean vdociti/. 

Example I. — In a particniar engine (he gnremor is so connected with 
the fly-whee! shafi, that when the engine is moving with averager velocity 
the upright spindle makes 40 revolutions per minute. Required the proper 
height of the point of suspension above the plane of the baJJa. 
In this example — 

35186 35186 
*" 40* " 1600 



>21-99 inches. 



351-86 
— 16~' 
so that the proper height is aboat 22 inches. 

Example 2. — The governor spindle is driven by the fly-wheel shaft by 
means of an endless cord passing over a groove on the spindle, and another 
groove on the fly-wheel shaft The diameter of the groove on the 
governor spindle is 9 incnes, and the diameter of the groove on the fly- 
wheel shaft is 12 inches. The engine has a stroke of 8 feet, and the mean 
velocity of the pbton is 206 feet per minute. Required the proper height 
of the point of suspension above the plane of the balls. 

In this example, since the mean velocitv of the p'uton is 256 feet per 
minute, and the length of the stroke 8 feet, it follows that the engine makes 
25fi-r8 = 32 single strokes, or 16 double stroke* per minute. The fly- 
wheel makes one revolution fur each double stroke of the piston, and 
therefore the fly-wheel also nukes 1 6 revotntions per minute. The number 
of revrilutions of the fly-wheel sbiiA is to the number of the revolutions of 
the governor spindle inversely M the diameters of the grooves -, so that we 
have the proportion 

9 : 12 :: 16 :*- — ^=214. 

Hence, according to the rule — 

. 35186 35186 „, „, . . -,. . 

*"=(210'°^55[° "■ ^'^P™P*»*"«' 

is one never employed in practice on account of the inconvenience of the 
dimensions ; but it la that proper to the daU assumed. 



THE RANGE Of MOTIOM OT TBS AUIt. 

Tliis depends entirely upon the amount of variation of velocity which 
may be permitted without detriment to the work upon which the engine is 
applied. We have already shown, that when the governor performed on 
an average 30 revolutions per minute, a variation of velocity equal to one- 
fifteenth of the mean velocity required only a range corresponding to a 
vertical height of 5*23 ( = 41-84 -36-61) inches. Bnt we shall now con- 
duct the inquiry in general term*. 
Let 

i> — mean velocity of any moving part of the machinery. 

n = number of revolutions of the governor spindle corresponding to r. 

A => height of point of suspension above the pkae of balls corresponding 
to V, 
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r4'lnp-(I 4-{«) c-maaimnin velocity of mj moviag pvt of the 

machinerr; 
A* svalae of A cormponding to (1 + i m) p. 
v-^mv = (I— I") p-niinimum Telocity of my moTing part of the 

machinery. 
A, Bvalae of A coiTMponding to Telocity (I — {m)v 

Then we wish to find the T&lue of A,— A'. It is obvious that the Talne 
of ■ corresponding to the maximum velocity will be(l+i«)». and the 
value of n corre«potiding to the iniairoiuu velocity will be(l— ^m)!*. 
Heac«, according to the rule, 

. , 35 186 

aiiiM 

*«"ri-lai/it» 
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and therefore. 



0-1' 






35186 



(l+im)«ii* 
35186 «{(Wtiii)«~( l-twyl 
(l-imy«(l+Jiii)»«H' 

83186 ««i 

~^»~"(1-Jm»)« 
33 186 32 m 



Thic formnla ia loo complicated to be easily expre«*ed to the form of a 
rule; hot ill application* may euiJy be apprehended iW)m the following 
ecaniple*. 

Esample I.— The governor of a rteam-engme performa 30 revolutions 
per minute when the engine is moTing at the average speed. Required the 
range as expressed ia vertical height of the arms of the governor, such 
that the difference between the maximum and minimum velocity of any 
moriog put should nev«r exceed one-fifteenth of the average velocity of 
that port 

In this example m » -r^ , and as we have shown previoasly, A = 39'09, 



Hence, 



A,-»' = 



13 



Sin 



(-(i)")' 



K 39*09 inches. 



33 ». 13^ 

38 X 3373 
'(4K2a5-l)» 
33 w 3373 

108000 



V 39-09 inches. 



a 39-09 inches. 



a 39-09 inches. 



-808201""^^***- 
■B'134 x 39-09 inches. 
— 6-23 inches. 
wlitch is the same result a* formerly. 

Example 3. — The governor of a steam-engine performs II) revolutions 
per minute when the engine is moving with average speed, in which case 
nne of the shafts driven by the engine performs 80 revolutions per minute- 
Required the vertical range of the tolls of the govcnuir, such that this 
shaft should never perform more than 84 or leas than 76 revolutions per 
minute. 

In this CMC Bi-i8-«-80»l-4-10, and, as wc have ahown formerly, A-> 
77 -3 1. 

Bmm 

».-*'- 3a»-{^ 

rix 77-31 inches. 



(«-(ii)')' 



* < 77*31 ioeheti 



,» 77-31 inches. 



32k10» 
"(4iil(f-l) 
StuIMO 

"(400- 1)» 

33000 
■"399» " ' ' 
3^2000 

"issaoi 

-■301 H 77-31 inches. 
-1S338 iaehcf, 
«r a little more than I34 tnekefc 



'31 inches. 



< 77-31 inchc 



We may conclude these investigations respecting the govrmnr with fe 
summary of the most important points in (be ratiotiale ot it* 
The governor may either be considered as a conical penduluia eo 
of the movements of two pendulums vibrating at right uiglca wilk «■# 
another, or it may be viewed simply as a svsttm of retolriag fettlik *f 
which gravity is the centripetal force. In the formT m»e the g u vsr»e» 
will make half the number of revolution* that a | <<f tbe same 

vertical height makes of vibrations ; and if tbe Bp>'> j'Treraor hr 

nrged beyond this point, the arms will fly out and aimiaisxi th« 
height, until it just becomes equal to the length of a ftaiaimm tlutt 
twice the number of vibrations in the minute that ibegt»v«niarauket«#iff>> 
volutions. Every one knows that if the length of a pendulum be 4inBiaiahirik 
it will make a greater number of vibrations in a given time than btforei 
the cause of which simply is, that the steepness of the arc in «hi£fa theWI 
of the pendulum descends is then increased, and it con*e(|uenily iliinniti 
with a greater velocity. The length of the seconds' pcndalnm at iW Iml 
of the sea in l.ondou is 39-1.393 inches, and the number of ribrMkiw ■alt 
in a given time by pendalnms of different lengths varies InvttuslT M lit 
square roou of thi-ir lengths. The proper speed for a goveraoe, mtrtfmik 
with a vertical height of about 39 inches, is SO revolution* per aiaaM^ 
which accords with tbe preceding determinations ; and similarly if ite 
vertical height of governor proper to any other number of rcvolutwos be 
required, it is only necessary to find the length of a pendulum, vhidi vdl 
give twice the niunber of vibrations, or the rule may be adopted thai is 
given at page 34. If the number of revolution* and the If ■;••••>• -■'' ^V n 
be fixed, and it is wanted to know what is tbe diameter f de- 

scribed by the centre of the ball, it is necessary to find iS^ '.ri^ 

by the foregoing rule ; or the following may be adopted. DiviOi: the a*. 
slant number 187-68 by the number of rcTolutions per minuir. and tW 
square of the quotient will be the vertical height in inches of the ceittrv tt 
suspension above the plane of the ball's revnintion. Deduct the s^aaiv «f 
the vertical height in inches from the square of the length of the mm m 
inches, and twice the square root of the remainder is the diaatdcr ef tte 
circle in which the centres of the balls revolve. Tbe vertical hciglB ef (hi 
governor is in eTery case taken as the distaQc« between this eird* nd Its 
point of suspension. 

In considering the gOTeraor as a system of bodies acted upon by e«am- 
fogal and centripetal forces, the same rvsulls are obtained a* ^hm it i 
regarded as a conical pendulum. The horisootal distance nf tlw hall 
the spindle, divided by tbe vertical height, will inve the aatoanl xif 
petal force ; and the velocity of revolution requisite «'i nrrnliiM. tn c^nn»> 
Il-dI centrifugal force may be found by multiplying 1' ' lal CJrcni 

the ball in terms of its own weight by 70-440, and tl. pmduct by 

twice the distance of the centre ball from the centre of liiv o^nudlr in inrhia 
The square root of tbe quotient is the right number of revolutions (/ the 
spindle per minute. Considering the question in tliis way, w« &iit ti tke 
length of the amis and the diameter of the base of the cone, or vInt b dw 
same thing, the angle at which it is desired the arms may t»foiv*i aad 
then, by the rule giTen above, we make the speed of revolBtion Mch ikM 
the centriAigal force will keep the balls in the desired positioa. Mmf 
persons find some difficulty in considering the governor as s paatelnk 
inasmuch as it may be driven at aav rpeed ; but eteh patticuUr apud has a 
vertical height of the centre of suspension above the plane of rivsiMMi 
proper to iuielf, and one condition cannot be altered viihout alfstftJM #• 
other. The method of considering the governor, however, as % rrvemB|t 
system of Irnlls, does not involve this difficulty, and to many engiseen i< 
Trill therefore be the most satisfactory-. 
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TmoBT or BAU4. 

The proper weight of balls depends principally opoo th* 



lOioi^ 



Of* Hf 

rktck k 



mechanism employed to transmit the agency of the govi 
throttle- valve. In practice they are generally somewhere h*t«*vB 30 
tiu lb. each. It may be remarked in general, that of two govenwm 
forming the same nural>er of revolutions per minute, (be 
&rthest removed from its throttle- valve, and which is eonacqinatly ea»- 
nected with it by the most complicated mechanism, oagbt to Imt« Ikt 
heaviest bolls. No general rule founded upon theory can be fivfn lhrd*> 
termining the proper weight of these bolls in any particntar caae. Ia btt, 
according to theory the agency of the governor is altogetltcr ii 
of the weight of the ball* ; for the balls perform the same tituabcr of 
lutions per minute, and revolve at the same di*tanc« f^>oa iIm 
whatever b their weight The truth of this nmark Trill ijrfaMr ctar 
enough if each ball be supposed to be compounded of a aamber ti wmittt 
balls, each of which would certainly keep the same pqaitkw at (ht hlBV 
ball I and every particle may therefore be snppowd to act ftar IIhIL 
Thongh the centripetal force of the balls be increaMd, thcrefen, bj aMhif 
to their weight, yet, inasmuch as their centrifugal force wImb la aalUi 
is increased in the same proportion, their position, Trhea lli* gm f tw b 
set into revolution, cannot be affected thereby. An ioenase ia dw *s^^ 
of tbe balls gives the governor more power to open or cloae th* ihtrMtle nha, 
but does not in any other way affect its opemtioo. Larm aafiMI^ whew 
the valves are large and stiff, require to have the halla of ihv fo w a m d 
oorresponding sixe, especially if the oonnexioiu hetwcca th* gmt aw mA 
throttle valve are stiff and complicated; but ia oo other rasptrt ia ihttb* 
of the bolls of importance. 
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The principl* on which the governor acts, necessarily siipposeis temporary 
fariatiunt ut the speed. The governor, theoreticull}' speaking, does Dot 
Bttiouia a anifonn velocitj, bat restores it af^er it has been diaturb«d. 
SappoM thut, either by reason of the diininiiihed load u]K>n th^ engine, or 
so increaaed evaporative power in the boiler, the spi-ed of the engint* is 
accelerated, the governor, being itDtnediately afTected, will can^e a corre- 
sponding alteration in the tliruttlo-valve ; but in generttl, this alteration 
being loo much, the velocity of the engine will be tno much retarded. 
Thia second error will again affect the governor iu the couirary way. and 
th« tpeed wiU now lie iocreoaed beyond Che proper limit. Thus a succes- 
sion of alternations of effect will ensue, ontil the governor settles down into 
tbe position correspondiug to the proper speed. The agency of the 
gOTemor i* never brought into use before a cluuige of velocity has taken 
place. The very jtippoeicion that a goveraor acts, presupposes that a 
change of the speed has ensued ; and which, though it corrects, it cannot 
prevent from arising. 

vAwrrrea op ooterkobs. 

In engines employed to pump water for the supply of towns, another 
expedient has been employed to produce tbe same etfect as the governor 
vliidi we have just described, which consists of a small cylinder with a 
piston in communication with the main pipe, through which the engine 
forces the water. The piston of the cylinder is htoded with a weight 
oorre«ponding to tbe velocity with which it is wished that the engine 
should move, and is raised by the compressed air in tbe air-Tesse) of tbe 
pimipc. \^lien the engine is moving with an accelerated velocity, the 
increased pressure of the water forces up the loaded piston. Mlien, on the 
Other hand, the engine is moving with a retarded velocity, the dimiDisbed 
pressure of the water allows the loaded pi.ston ti> fall. It is obvious, that 
bj- properly connecting the piston-rod of this piston with a throttte-vnlve 
in the steam-pipe, the engine would become its own regulator. This 
plan, so simple in theory, is attended by so many difficulties in the con- 
artruction and in tlie practical working, that it is now universally abandoned. 
We may mention, that when this plan was in use, in order to prevent the 
piston &om acting too sensibly npon the throttle-valve, it was cusioniary to 
have the load divided into links like a cbain ; so that When the piston 
ascended, more links were raised, and conse<)uenlly the load was increased, 
and when the piston descended, the links by resting on the ground dimi' 
uished the load. 

The principle of the preceding expedient has sometimes been employed 
to regulate the mean velocity of the engine, by varying tbe rale of expan- 
sion used. The up and down motion of the small piston is employed Co 
a4jaat the tappets which shut otT the steam. The motion of the small 
piston is communicated to a wheel which turns a pair of bevelled wheels, 
ooe of which is on the square part of a rod attached Co the plug-tree. 
The effect of the mechanism is, tlmt M-hen the motion of the engine is too 
rapid, a rod is turned, which moves the tappet so as to cut off the steam 
sooner; and when, on the other band, the motion of the engine is too slow, 
tbe tappet is moved so as to be longer in cutting off ihu steam. When the 
engine is moving sC Che proper rate, the tappets remained undisturbed. 
This plan, however ingenious it may be in conception, does not work well 
iu practice- It wants the simplicity which characterises the action of the 
irovemor. and has long been discontinued. 

The conical penduium is the gnrernor employed almost universally 
for the regulation of the speed of rotative steam-engines. Yet other 
kiada have been introduced, and in some instances with a good effect. 
One very sensitive governor consists of a cylindrical double bellows, 
worked by the engine, and furnished with a small cock at the orifice at 
which the air escapes, so that it may be contracted at pleasure. 'When the 
engine runs beyond the right speed, an additional (juantity of air is taken 
in by the bellows, which, as it cannot obtain a free exit by the orifice con- 
tracted by the cock, raises up the superior or floating part of the bellows, 
to which a rod is attached that closes the throttle valve When the speed 
•lackena, the floating part of the bellows subsides, and opens tbe throttle- 
waJre, nntil, af\er a few fjoctuations, a mean point is reached — determined 
by the six* of the orifice left for the issuing air — at which the floating part 
w the bellows will remain nearly sCalionary. A bellows on this plan has 
bevn for some years attached to the engine that gives motion to the ma- 
chinery in Truman and Hanburj-'s brewery, and its opemiion is spoken of 
by Mr Davison, the engineer of those works, in the highest tenns. 

Aaother plan of goyeraor was some years ago contri\ed by Mr. Hick of 
Bohon. Cpon an upright spindle he wound a spiral feather, and tlieo Utted 
itpoQ (he spindle a single ball, so that the ball might be moved up or down 
on the spindle, but would turn on its axis in Che operation. To the ball 
were fixed two vanes which, impinging upon the air when the ball was 
put into revolution with a high velwity. caiuM.'d the ball to mount up on the 
spiral feather or thread. So long as the speed of the shaft upon which the 
btll was placed remained moderate, the ball continued at the foot of tbe 
spiral: but when tbe speed was increased, the impact of the vanes upon 
the air so far reaisted the rotation, that the ball rose on tbe spiral feather 
Jo opposition to the force of gravity ; and in its ascent it closed the valve. 
A governor upon this plan seems to be well adapted fur sleam vessels, if a 
Spring be substituted for the ball. The ordinary governor, however, may 
be rendered applicable to the marine engine if the balls be made to move 
out horaoutally instead of iu an arc of a circle, It is clear that a coiumun 




governor would not act at tea without this modification, as the balls woold 
diverge or collapse at every heave of the ship. In Piemen's cbronometrtc 
governor a clock movement furnished with a weight and pendulum is 
employed. The clock movement carries round a bevel wheel at a uniform 
speed, and another bevel wheel of the same siie, and situated npon the 
same axis, is carried round by the engine in an opposite direction. A bevel 
pinion at the end of a crank arm gears with both wheels in the manner of a 
differential motion, and to this crank is attached a rod communicating with 
the throttle-valve. When both wheels are moving at the same tpeed the 
pinion rem::ins stationary, but if one wheel travels faster than the other, 
Che crank will be carried round upon its axis, and will thereby affect the 
throitle-valve. There appears to be too muih complication in this contri- 
vance to enable it to gain an introduction intn practice, unless a clock 
niovtnicnt be required for other uses than that of the engine. 

The governor, as at present applied to regulate the i»(eum-engine. acts 
only on the throttle-valve, to restrain the flow of steam imo the cylinder; 
hut in our humble judgment it ought also to act upon the injection-valve, 
to restrain the flow of water into the condenser. In all cases of large fluc- 
tuations of velocity, inconvenience and danger is the inevitable effect of the 
injection water being lef^ without due regulation, and in steam-vessels in 
particular, accidents are frequently traceable to this cause. If the ii^eclion 
cock be adjusted to give admission to the right quantity of water when the 
engine is 'working with a mean velocity, it will clearly admit too much 
when the velocity is arrested so as to be brought to one half or one fourth 
of the common speed ; and as the air-pump cannot, when it is working so 
slow, deliver the water which rushes into tbe couden.«er in undiminished 
quanlitt-, the engine becomes choked with water, and the water sometimes 
runs back into tbe cylinder, and occasions (hicture by resisting the descent 
of the piston. I'he must c<immon cause of breakages in steam machinery 
is the entrance of water into the cylinder. Sometimes it passes over with 
the steam, when priming in the boiler takes place; and at cnber times it find* 
its way from the condenser, and this will more frequently happen if the 
cylinder e.xhausts from below than if it exhausts from the top or superior 
portion of the valve casing. The right remedy for this danger is to ap- 
portion the quantity' of water admitted to an engine to the quantity of 
steam ; and this may he accomptished by placing a throttle-valve in the 
injection pijte, which will also be operated on by the governor. Uiit little 
condensing water will then be admitted when there is but little steam to be 
condensed, and the engine will neither be burdened by ntedles« water nor 
starved into inefficiency by an inadequate supply. This innovation, with 
others of a similar character, were introduced into the Don Juan steamer 
ten years ago, but their intent at that time could hardly be apprebeiided. 
In steam-vessels propelled by the screw such resources are less necessary, 
as engines work with a much more uniform speed wh«n applied to the 
screw than when applied to the paddle-wheel. 

THE CATABACT. 

The governors we have already mentioned are chiefly applicable to the 
rotative engine. Tbe accredited goveraor of the single-acting or pumping 
engine, is the cataract, of which iastnimcnl there are many varieties. The 
cataract used by Stneaton and his predecessors, we have already described 
and delineated, in page 9.: the modem Cornish cataract is represented In 
plate 6. " Valve Gearing of a Cornish Pumping Engine," and is shewn in 
connection with the hand gearing, beneatb which it stands. The same 
mechanism is again visible in plate S., entitled " Cornish Pumping Engioe," 
which is an elevation of a pumping engine of much efficacy, made at the 
liayle foundry. In this last plate, the connection may be traced, of a 
dotted line, between the cataract shaft and the ityection valve, situ^ed at 
the end of a curved pipe, bolted on the condenser, and which communicates 
between the cold water cittern and the interior of the condenser. The 
cataract consi<its of a small pump plunger, and barrel, set in a cistern of 
water, the barrel being furnished on the one side with a valve, opening 
inwards, through which the water obtains admission to the pump chamber 
from the cistern ; and on the other by a cock, through which, if the plunger 
be forced down, the water may be sent out sgaio, with a rapadiiy propor- 
tionate to the sice of the orifice left by the cock. The engine, in iu upward 
stroke, which is accomplished by the preponderance of weight at the pump 
end of the lieam. raises uptheplungerof the cataract by meansof a small rod, 
represented in the drawing of valve gearing already reftrred to — the water 
entering the pump-chamber through the spindle valve, which is also repre- 
sented, and filling the pump-chamber completely. By the time the eagfaM 
reaches the top of the stn>k^, it liberates the rod by which the plunger has 
been drawn up, and the plunger then descends by gravity, forcing out the 
water in the barrel, and at the same time opening the injection valve. If 
the cock of the cataract be shut, it is clear that the pliyiger cannot descend 
St all ; and as, in that case, tbe injection valve cannot be opened, the engine 
stands still : but if the cock he slightly opened, the plunger will deaeend 
slowly, the injection valve will slowly open, and the engine will make a 
gradual stroke as it gains the water necessary for condensatioa . The 
degree to which the cock is opened, therefore, determines the speed at which 
the engine moves; so that by the use of the cataract, the speed of the 
engine may easily be adjusted to the <|uantity of water in the mine. There 
are other varieties of cataract employed besides that here described, but 
they all depend upon the same general principle. In some cases air is used 
instead of water, and in others a cylinder of oil is employed, fitted with a 
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piitoD vith ■ vaJrc after the manner of a pump bucket, and a small lide 
pipe, fitwd with a cock, which coiumoaicales between the spaces on each 
■ide of the piiion. When the piston of this cataract is forced down, the 
oil easily aacendi through the valre into the supiTior part of the cylin- 
der, but when it is drawn up, the oil can only escape by the curved pipe, 
from the space sbore the piston to the Kpace beneath it, by pacing through 
the contracted orifice of the cock ; and, though a considerable counterbalance 
be applied, the piston, if the cock be partially closed, can only ascend but 
■lowlv. The effect is just the same as in the arrangement first described: 
the oil cylinder is perliaps to be preferred as being neater, when, from the 
nature of the foundations, or otherwise, the cataract has to be set among 
the valve gearing, but in other caaea we should incliDe to the adoption of 
the other arraugviuent. 

sxPEDiEirra for ASCErrannNO thb state and power op an enqinb. 

Wafer Gauge*. — There are three kinds of water gauges : the first the 
ordinary gauge cock, the second the glass gauge, and (he third the float. 
The gauge cock, on being turned, shows whether it is water or steam that 
exists at the level at which it is inserted. There are usually three gauge 
cocks inserted in each boiler, at different levels ; and the rule is to so feed 
the boiler that there will be steam in the top gauge cock, aud water in the 
other two. The glasa fr*uKe consists of a glass tube set in front of the boiler, 
communicating in iia superior portion with the steam space, and in its in- 
ferior portion with the water within the boiler, the position of the tube 
being so acljusted that the wat<:r level stands at about the middle of its 
length. The tube is connected at the top and bottom to the boiler by means 
of sockets furnished with rocks, so that the tube may be blown through by 
the steam to clear it, and the water and ateam may be shut off if the glass 
breaks. It is unsafe to trust to the glaaa gauges altogether ss a means nf 
ascertaining the water level, as sometimes they become choked, and the 
water continues to stand high in the tube though it may have sunk low in 
the boiler. If the boiler be short of steam, however, and a partial vacunm be 
produced, the glass gauges become of essential service, as the gauge cocks 
will not operate in such a case, for though opened neither iteam nor water 
•will come oot, but air will nuh in. This sometimes occurs in practice, and 
glass gauges are then foutwl to be of especial value. W'v may mention, 
however, that a vacuum in the boiler should never be suffered to occur, as 
if the boiler is short of steam the throttle-valve should be clo«e<l to a cor- 
reaponding degree, or a higher degree of expansion uliould be employed, so 
that the due pressure of the steam may he maintained. A better econonty 
is to be realised by this plan of procedure than by stiffering the engine to 
drew from the Ixjiler the attenunti-d steam. In steam-vetaels the operation 
of blowing off cannot be performed, unless the prcwore of the steam be 
coaaiderabiy above that of the utmoaphere, and the neglect of this opera- 
tion entails evils which are of serious moment, and which are very ex- 
pensive to cure. 

Tb« float-gangc consista of a float resting on the surface of the water, and 
communicating with ao index, ao that the fluctiiatioDS in the water level 
are. by reference to this index, made apparent. The float is usually of stone 
or cast-iron, bat is so balanced by a counter weight as to make its operation 
the same as if it were a buoy of tmilter. In land boilers a float is generally 
employed to regulate the sdmisiiion of the feed-water, and the same float 
may alao indicate the height of the water within the boiler. The feed-water 
is admitted IVoro a small open cistern at the top of the stand pipe, as shown 
in fig. 930. At the bottom of the eistcm is a valve, which the float opens 
or closes, and into the cisttm the water ia poured by the feed-pump. 
When the valve is open the water mns down into the boiler, but when 
closed it runs away by an overflow dboot The foot of the stand pipe 
penetrates to near the bottom of the briiler, so that steam cannot escape 
by it, but the water rises ia the stand pipe to a height proportionate to tlie 
pre«sure nf the steam, and a most effectual safety-valve is thus providi-d. 
which will come into operation in the event of a dangerous pressure being 
attained. In the stand pipe a float is placed, which rises and fhlls as the 
presoure of the ateam varies, and opens or closes the damper leading from 
the boiler flue to the chimney. Some stand pipes are contracted in their 
diaaeter below the level at which the damper float usually operates, and 
danger has ari*i*n from this cause ; for the float has descended into this 
narrow neck when there was no longer a pressure of steam in the boiler, 
fend by stopping up the pasMgc it has prevented the access of the feed- 
water. The length of the damper-chain should be so regulated as to ob- 
viate accidents of this description, which are not unlikely to burst the 
boiler, bv eaiuing the boiler bottom or flues to become red hot. 

Sah Qawgn. — In steam vessels it is a commendable practice to opplv 
sail ftangve to the boiler, so that the water may never l>e suffered to reach 
an itgurioua degree of aaiuration. These gauges usually consist of glass 
hoUa. whiob opente on the principle of the hydrometer, rising to the sur- 
Ibce when tbe waCer beeonca highly concenti^ted, and therefore heavier. 
In ttaem iMtMOca bvlba of this description, enclosed in a large glass tube, 
V* fitted to dw front of each boiler, but the general plan is to draw off 
•one of tbe vittr into a separate rcssel, and then to tent its saltness by 
•B iMtmnent providod for the pnrpoae. The Don Junn steamer was 
fitted with targe copper balla, to determine the saltness of tbe water in 
the boiUtr t they were of course totally imroerged in the water, and as the 
water incnaard in detitity they rose and opened the blow-off valve, which 
was made of aaoli » eanKriKtioa ■§ to be capable of being easily opened. 



There is too much refinement probably in this expedient, and tbe faall 
requires to be targe to realise a sufficient motive force to make the oetica 
of the instrument certain, vet the operation of the plan u very cumplMr, 
especially if conjoined with a self-acting feed, as was the cose in tlb* 
instance referred to. A good salt gauge is still a deaidezotuni, ft>r th« 
plan of drawing off water from the boiler, and testing it by a hydmmeirr js 
very inconvenient in practice. A salt gauge, to be a convenient inttmrnrat. 
should indicate, by a hand or other simple appendage, the density at the 
time of observation of the water in tbe boiler, and such an inttromcat 
becomes of especial importance if the amount of water blown off be 
regulated by tbe position of the feed-cocks, us is done in tbe case «^ 
Mr. lamb's blow-off appanttiu for steam-vesaela, which is now gntntw 
an extensive introduction. In this apparatus the mouth nf the blov-oC 
pipi' within the boiler is situated near the water level, wberrbj k eatMkca 
and removes from the boiler the particles of impalpable matter vhUk. W 
their subsidence on the flues, occasion scale. Tbe collecting watn, 
therefore, anrwers much the same [lurpoiae as the collecting veeael wlk rffsd 
to in page 69., and the impalpable particles arising from the deooaposilioe 
of the salt are carried away with the supersolted water. Mr. l^ak 
attaches a valve to the mouth of the blow-off pipe regulated by a fioM. 
with the view of preventing the steam from blowing otT when the water 
has subsided betuw the said mouth, which is situated aliout IS iochca 
beneiith the average water line. The float is made of copiter, <if the form 
of an oblate spheroid, with a lube passing through it for t|i« reception id 
a spindle, the ;>osttion of which io reference to the float is regolMod by 
nuts above and heloM- the float, which connect with screw threada evk ■pen 
the spindle. The %-alve resembles a flute key. The lower eikd of the rpiftflit 
is attached to the valve arm, so as to enable the float to exert a graiMr 
power, and the up[K>r end of the spindle moves in a guide attached to Mjr 
convenient [>art of the boiler. By this apparatus the operation of blirst^ 
off is continuously performed, but when the salt gauge shows thai tbe 
quantity of water blown off is either needlessly great or insaSeient, iba 
position of the feed-cock is altered so as to give a diminished or inerimd 
supply. When more fee<l-watcr is admitted, the float upon the snrflwr cf 
ihe water opetui the blow-off valve more widely, and permits a largft 
quantity of water to \k blown oat ; and when less feed-water is admitted, 
the contrary effect is pnxluced. The operation of the float, tbervfore, ia 
to maintain the water at a uniform level, and also to preserve the vitv 
within tbe boiler at a uniform density so soon as the right position fA the 
foed cock is ascertained. In boilers which are thus worked, or to which 
brine pumps, or any continunos blow-off contrivances are applied, as 
efficient salt gunge is indis|M<nsahle. as there can otherwise he no mtinotica 
of the accidental inlcmiption of the operation, and much mischief may \m 
the resulL In the ordinary way of blowing off, where the engineer ke^l 
Ihe blow-off cocks 0[>en until the water level has dcccendMl any givsa 
number of inches, it is certain that, if the water level descends, a certain 
volume of saper-salted water has been ejected ; unless, indeed, as bat 
sometimes happened where there is a difference of pressure iu the diffcratt 
boiii-i^ om- bfiiter has discharged it* contents into the oilu-r when all Ae 
blow-off cocks are opened at once. But in the ordi'n" ^t^.™,;^^ r^ 
blowing off one boiler at a time, a determinable quj 
expelled by blowing out at determinate intervaU with .< /i :> 

leaves nothing to the chances of accidental derangement, aud whieb ibe 
use of the salt gauge in the case of boilers fitted with any dcscriptioa «f 
continuous blow-off is indispensable to insure. 

Steam Gatu^. — The Steam gauge consists generally of a RiDBle I 
sometimes of glass and sometimes of iron, bent so as to form tbe letter 1 
One of the ends is placed in communication with the boiU-r, ar.d the i 
end is open to the atmncphere. Into the bent part of the tube memiry I 
[fonred, which, if not acted on by the steam, will stand at equal b eigh i a to 
both legs of tne tube. If, however, the steam be admitted to act npon iW 
mercury at one of the extremities of the tube, it will force it up in tbe other 
leg, and may be mode to Indicate the amount of pressure on a divided 
scale. Tbe scale is commonly divided into inches and parte <yf an iiMh,aack 
inch comapooding to a pressure of very nearly one poond on tkt tiptn 
inch. Some people prefer estimating the elasticity of tbe •tram by poaaii 
per circular inch. For this purpose each of the divisions of the oeale ootbf 
to be If!, inches, and these divided again into 10 equal porta, wbsa tbe 
pressure in lbs. aud tenths of a lb. will be shown by the scale. Wbwa tbe 
tube is constructed of iron, it is necessary that a float of wood nattB|; W 
the top of the mercury should ascend above the tube, luid todicale ea a 
proper scale the place of the mercury. It is clear that cverjr inch te 
mercury rises in the open end of the tube occasions a diffiemoe of level 
of two lucliM, for the level in the leg pressed on by the stcnm flkUa an la^ 
at the same time that the level in the open end rites an inch. 8oa»e aMMi 
gauge* consist of a straight glass tube, with one end termiuaiiof in a small 
cistern of mercury, while the other end is open, and the mercury is finrcd 
up into the tube by the pressure of ti.e steam. In this ease tbe giadaaHa 
has to be such that a pound pressure <rill be represented by fan fnclwa h 
height upon the scale, for the level o.' mercury in tl'-' ' i-t-m doca aala^b* 
•ide appreciably by the rise of mercury in the tub, hoa gHptll 

the one generalty rnipioyett, and it apfiears to be cir >ce prefennan 

it enjoys. Every boiler ought to be provided with ^ steam fWtfV aas 
precaution of safety, as well as a means of teeing that tbe aleamai k/Cft 
ateadily up. If the pressure rises to any dongnona pitch, ttw u s m ai i 
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trill be blo*n out of tbe gunge, and Ibe escape of sletni will notify ihe 
existence of danger. In such case, Lf tbe safety Tslve caonot be raised, 
from deningemeot or othervrise, the bvst plan is to open the blow-through 
.Tmlvc of the engine. To start the en^'ine might caui<e a flow of water 
from the feed-pump over hot plates within the briUer, if the water be at 
the same dme low within it, and an explosion might be the consequence 
of anch an indiscretion. 

Vacuum Gauge. — The racuaro gituge la a barometer for determining the 
t«lAtiTe elasticities of the air and of the attenuated vapour in tbe cond^ns^r. 
It consists of a glass tube, of which the inferior orifice is insertinj in a small 
cistern of mercury, while the superior orifice is fitted with a small pipe, which 
oommunicBtes with tbe interior of tbe coDdeaswr. The air presses on (he 
cor&ce of the mercury in the cistern, while the pressure of the condenser 
vapour only exists witbin the tube, and the mercury rises in the tube to a 
height corresponding to the difference of these pressures — usually to a 
height of about ^7 inches. There is a gKiod deal of oscillation in the 
mercar>' of a rarunro gausre if tbe cock in the pipe leading fVom tbe top of 
the tube to the condenser be opened fully, and it should therefore be nearly 
closed before tbe ohserraiion of tbe quality of tbe Tacuum is made, else it 
will he very difficult to tell at what point tbe mercury stands on tbe average, 
in consequence of its rapid rising and subsidence. In tbe graduation of 
vacuum gauges reference enough is not generally bad tw the size of the 
tnercury cinem, which is usually made small ; and as the eubsideoce of the 
IcTel of tbe mercury in tbe cistern falls considerably when the tube beeomes 
tall, tbe graduation, if made in inches, is corresp<>ndingty inacciinite,ai tbe 
divisions should be less than an inch apart to represent inches, if the surAice 
of the mercury in the cistern falls. Some vncnum gauges arc made on the 
principle of Indicating the dilFerence between the vacuum in tbe condenser 
and a perfect vacuum, instead nf the difference between the vacuum in the 
condenser and tbe pressure of the atmosphere. This species of vacuum 
gOMge is much used in sugar refining, and is convenient there from its 
portable natorc; but it has not met with any extended adoption for the 
uses of the steam engine. A srpbon vacamn gauge, like tbe steam gauge 
in fbnn, is also sometimes used ; but the straight gSass tube, arranged in 
the manner we have described, isgcneraJly preferred to any other arrange- 
metit. 

Tlte Initieator. — The indicafor is an instrument for determining the 
amount of power aotnally eierted by an engine. In computing the power 
of engines, one important element u th-.- unbalanced pressure of tbe steam 
on the piston ; and any inaccuracy in tbe statement of this particular must 
Titiate tbe calculation, and give an erroneous resolL In all ordinary 
cues, even when no expansion gear is used, it is wrong to reckon the 
presaare of tbe steam in the cylinder as uniform, or the condensed vapour 
as of a constant elasticity ; and to assume that the pressure in the 
cylinder is the same as that indicated by the steam gaoge, is to inlro- 
dace a fallacy into tbe compulation of power. Tbe ose of tbe indicator 
is to measure and register tbe variations of pressure during a complete 
stroke of the engine, and thus to obtain accurate data whereby the effective 
power of the engine may be computed. 

The indicator consists of a sraull cylinder c, plate 4. placed in connection 
with the cylinder of tbe engine either above orTiclow tbe piston, and fitted 
with a piston, P, which is connected with tbe spiral spring, *. By 
opening the cock of Ihe indicator the steam is admitted below the piston^ 
P. on which it presses during the whole stroke. If the pressure were uni- 
form, tbe piston would remain stationary ; but If the pressure varj-, the 
piston will have corresponding movements either up or down. If a pencil, 
p, be attached to the piston r"d. it will register the Tariaiions of pressure 
uprjn a piece of paper held against it : but, unless some provision were 
nlade to give a clear space upon the paper at each instant of time, one mark 
of tbe pencil wonld be upon the other, and the registration c<iuld not be 
deciphered : but, if the paper receives a continuors lateral motion in one 
direction during tbe down-stroke of the piston, and a reversed motion 
daring (he return stroke, while the pencil moves vertically, a continuous line 
will bo traced npnn the paptr, which will inclose a space, and tbe vertical 
crdinates of the figure will represent tbe effective pressure during a com- 
pete stroke. Instead, however, of using a plane surface, as was done in 
Boolton and Watt's establishment for some time after its formation, it is now 
Ae universal practice to wiud the paper round a cylinder, or roller, which is 
made to turn upon its axis with a reciprocating motion, and the apparatas 
is ihoj rendered more compact If tbe pressure of the steam were uniform, 
the line described upon the paper would be in a pUtne perpendicular to the 
axis of tbe roller, so that, if the paper were unrolled, the line would be 
•traicbt. The paper is fastened to the roller by means of a catch. A, the edge 
of which is graduated. Before the instrument is connected with the steam 
cylinder, the roller is set in motion, and the pencil then describes a neutral 
line, which represents tbe pressure of the atmosphere — any vertical ordi- 
nate above (his being tbe steam pressure above that point, and any vertical 
ordinate below, the pressure below it. If the connection between the 
indicator and the cylinder be now formed, while steam is entering the 
rylinder. the piston of the indicatnr will rise ; and, if »team is escaping 
from the cylinder, it will fall ; the extent of rise and fiilJ being regulated 
bv tbe spiral spring, which yields more as the pressure becomes preaier. 
T'be vertical motion of the pencil, combined with the circular motion of 
tbe roller, will form a curve more or less regular, tbe vertical 
ordinate* of which represent the values of the steam pressure and 



vacuum during a complete stroke, measured by the scale which is 
marked upon the roller clasp. The graduation of this scale depends 
upon the strength of the spring, t, which forces the piston down 
when the steam ceases to force it up ; because, tbe stronger the spring is 
made, the smaller is the distance through which steam of a given force wilt 
compress it by raising the piston. The alternate motion of tbe roller is 
given by conoecting it with any reciprocating part of the engine, such as 
the parallel motion, by means of a cord attached to the pulley, u, which is 
fixed upon the same axis as tbe paper roller, d. Tfai» cord gives motion 
in one direction, and the return motion is received fnjto a spritig, m, which 
is coiled up like a watch-spring; / is a guide pulley for changing tbe 
direction of the cord when it passes fVom the pulley, a ; it is not shown in 
its place except in tbe bottom plan, where part of it is dotted in. 

Let ua now suppose the engine to be in motion, and the stop-cock of the 
indicator closed. If tbe cord be drawn out by hand, or connected with the 
engine, the |>eacil pressing againiil the paper will de.^eribe the horizontal 
line representing the atmospheric prissurei. and if, when the piston is at 
the top of its stroke, tbe indicator stop-cock be opened, it will commence 
its registration. When the steam bi-gins to rush into tbe cylinder, it will, 
of course, also press upon tbe piston of the indicator, which it will raise, and 
with it the pencil; and the roller, with the paper upon it, being moved by its 
Goiuiection with the en^ne, a line will be traced upon the paper, which rises 
higher up on the cjlinder as the pressure of tbe steam ° increases, and 
comes lower upon it as the steam pressure subsides. The area of the 
Curve traced out by the pancil, therefore, represents the pressure on the 
piston through all its variations, and, when multiplied by the nuinber of 
strokes, represents tbe power exerted by the engine. This fwwer has no 
connection with the nominal horse-power, which is dctenniiied by the 
dimensions of the engine, and wbich does not vary with variations in tbe 
pressure of the steam ; but it it tbe effKtivt power, or tbe power actually 
exerted. 

The indicator, however, not merely tells the amount of power exerted 
by every stroke of an engine, hat the nature of tha faults by which the 
power is impaired. A particular form of the indicator diagram shows that 
the ports of the cylinder are too small ; and the indication in such a case 
obviously is to enlarge them. If the valve be wrongly set, the indicatnr 
will explain the nature of the imperfection, and its adjustment then becomca 
easy. By the indicatnr too the omnunt of power consumed by each of tbe 
several mechanisms of a factory may be determined, and tbe relatiie values 
of different oils fixed that may be employed for tbe lubrication of tbe 
shafts. If, for example, it is wanted to know the amount of power con- 
sumed bv a fan or a saw-mill that may be driven by tbe engine, the mnchme 
in question has only to be put in connection with the engine, while all the 
rest of the machinery of the factory is cast off ; and if the indicator be 
applied to the engine, the amount of power consumed in driving tbe one 
machine will be determined ', and then it will be found, by taking anoiber 
diugrom, with all tbe machinery on, what proportion this part bears to the 
total power. In testing the quality of oils, if it be found that the engine 
requires n>orc power to drive the shafting with one kind of oil than w ith 
another, that which involves the largest expenditure of power is, of course, 
the worse. To read off the indications of the indicator is a thing every 
one may do after the foregoing explanation. The pencil describes a curved 
line inclosing a space. Across that space any number of lines may be 
drawn al right angles to tbe atmospheric line. The lengths of the lines 
are then meosLircd on a scale, and their mean taken, which mean represents 
tbe power exerted, as more fully explained at page 24e, The indicator is 
an inveatioQ of Watt's, but it does not very clearly appear who it was that 
first applied tbe pencil to trace a curve. The application was, however, 
first made at Soho, probably by Mr. Southern or Mr. Creighlon. 

Coniinuoas Indicator. — A continuous indicator is an instrument that 
will not merely ascertain, bn! also register the work done by an engine 
during any given period, whereby the performance of one engine may be 
compared with the performance of another, to the end of ascertaining 
which is the most economical in fuel. In Cornwall lliis object is accom- 
plished by means of a counter, which merely registers tbe number of 
strokes made by the engine ; but this expedient wUl only answer where 
the load upon the engine is constant and eaaUy measureable, and becomes 
of but little avail in a steam vessel, where the load is continually varying. 
The invention of an instrument of a simple kind, that will record the vary- 
ing power of the engine under all circumstances of speed and rariation 
of expansion, becomes an object of no trivial importance, when it is recol- 
lectcfl that such an instrument is indispensable to the success of any 
effectutd scheme of registration. By registration we mean the determina- 
tion by an authorised person of the power exerted by steam vessels, or, in 
other words, the tcurk done in relation to the fnel contumed, and the publi- 
cation of these results obiuined from a large number of steam vessels at 
regular intervals ; so that it may appear an tbe &ceof a table suitably drawn 
up what steam vessels are the most effectual. The*e published tables 
would, therefore, be identical in all their main features with the tables pab* 
lished in Cornwall by the Messrs. Lean ; and indeed the measure we pro- 
pose consists in tbe extension to steam vessels of the system of registering 
tbe dufy of engines pursued in Cornwall, and which has produced such 
beneficial effects in tliat district 

The best proof of the saving in fuel derivoble from the plan of registering 
the duty of steam engines coosistt in an enumeration of the wonders it haa 

ax » 
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slreadr doae; and we find that ibe amount of vork performed in Cornwall 
by K Dtuhel of coal, ivpref>«nted by 20,000,000 in 1815, bad arisen to 
60,000,000 in 1843. Nor ia thiit a lolitarjr ^ase. but, on the contrary, it is 
the averaife daty of all the engines r«^iatered at the two p«rioda^ fo that 
the expeniw of fuel to do the aam*; ainouDt of work is at present only one- 
third of what ic waa in 1815, and we think we may add only one-third of 
what it would have been now. had the plan of regi»tration not been adopted. 
The Meaara. I<ean have drawn ap a table which makes the valae of this 
aynem very conspieuouv and from which it appears that the Cornish mine 
ownen are now taring about 85,000^ per annoni in their limited opera- 
lions, by the simple expedient of r«gi«lering and publishing the duty of 
their engines. Such a practice pota all the engineers upon their mettle, 
and induces an emulation out of vhich improvement cannot but spring -, and 
at the tome time it stimulal«« all engine attendants to a more sedulous at- 
tentioD, as any negligvacc on their part will be sure to tell (o their dis- 
advantage. If such a sating con be realised out of the contracted sphere 
of Cornish engineering, what a magnificent result might not be realised by 
the application of the plan to the innomerafalc steam vessels of this coantr^ ! 
Vet the saving in the cost of the coal in the case of steam navigation, im- 
portant as it wouJd be, is not the gri-atest Wnefit of such an economy : the 
powers of steam navigatioo would be prodigiously increased, and its profits 
correspondingly augmented, by any improvement by which the ^jaanlity of 
eoal carried was materially lessened ; for steam vessels could then go 
fiuther without a relay of coal, or coald carry more cargo, and the grtjwih 
of our steam marine would Juet be in proportion to the exteiuiou of lliu 
limits which now hinder its development. 

It is needless, however, to dwell much on the advantages of the system of 
registration, ns they must be conspicuous enough to every one who gives 
attention to the subject. Pnifewtir Moseley professes to have ioveoted an 
indicator of the continuous kind, but it is (iir too complicatfd fiir ordinary 
practice : and as some of the parts drive the other parts by friction surfaces 
which ore apt to slip should a little oil chance to fitU upon them, its indica- 
tions are correspondingly uncertain. A caitable indicator being obtAined, 
every steamer of any pretensions should be provided with one, and an in- 
spector should then be appointed, in whose skill and honesty all parties 
|unr« eoofidence. and whose boaiiMts it should be to examine the indicuticiiS 
of the several instrtunents, and make op from thence tables of the piirfonii- 
ance of each vessel, which shoald periudic&lly be published. The quantity 
of coal consumed could of course only l>e got at by a reference to the coal 
accouta of the sereral vessels ; and it would be a good thing if those coal 
aecoonts were all kept upon a auiform plan to fitciliiatc the discovery uf 
this element. 

A contimioos indicator of a very ecmplete description waa some years 
ago brought under the notice of the British Associotiou by Dr. Lardner, 
though its expense and romplication were loo great to warrant its intro- 
duction in practice A web of paper wss wound upon a small bnuss drum, 
and a larger drum, which was put into revolution by means of cluck-wurk, 
wound the web of paper off the small drum on to itself At suitable dis- 
tances round the larger dram pencils of dillen-nt colours were placed, 
which were acted upon by floats placed in syphon tubes of mercur>-. to 
which the stcaa^pipe, eoodtauer, Itc were respectively connected. When 
the prcsaon of sleui in the boiler varied, the pencil attached to the float 
in tne syplMO gvage eoounnoicating with the boiler was elevated or 
depressed con^pondiagly, and traced a line upon the dnuo above or 



below the right petition. At tlie termination of the vnya^ the | 
taken off and translated into words, and the diffemtce in the i 
the different penciU prevented the lines made bv each from beiac caB> 
founded with any other. There was more trouble «>Dnccted •tot iW 
use of tliis instrument than engineers would wilMngly take, and mart cs- 
pense than the proprietors of steam vessels would willingly incvr, adM 
to which it took no Kiiiisfaetory cognisance of any variation 'in lk« dsfiwa 
of expmuion, though that is the most important of the elcmcRlt 4aanfii§ 
regisi ration. 

Counter — The counter is an (nstrament with wheel work So < 
(hat, by everj- stroke of the engine, an index hand is moved a ( 
tance forward, so that it registers or counts the number of strokes i 
the engine during any given period. The construction of the 
varies verji- much : in mot>t coses, however, the wheels are moved rooal ' 
by a pendulum attached lo oome vibrating part of the engine, the whcd 
being carried on one tooth by every vibration. Some of the French («u> 
lers are extremely neat and portable, being much like a pedometer vntcil 
in size and appearance. A very elegant counter for locomotire CBfiiM 
has been contrived by Mr. Adic : tm endless screw works into the nn «t 
two small wheels, situated on the same axis, but one wheel having a losdi 
more than the other. A differential motion is thus obtained, of gnM «lo*» 
ness, for the wheel with the addiiional tooth will only wove iSUUty mtn 
slowly than the other wheel, and the result is indicated by the 4me«Me ti 
the two speeds. The end of the screw is attached to a rvvvlvii^f pan tf 
the engine, by means of on appropriate fiistening, and the vhecb te*| 
down like a pendulum from it, and do not turn with the revolving pan a 
question, so that the wheels are turned on their axis by the acrew, with- 
out anything of the nature of reciprocation. The counter was first intrt^ 
dnoed by Mr. VTott, and was attached by him to the Cornish engines ftr 
the purpose of showing the proportion of savings in fad due to hin &«■ 
tiie application of his improved engine, and in the case of those ewiM* 
which were luirormly loaded the counter aJS'orded a correct iadiettiaa if 
the power exerted. The number of strokes of the engine mntlipUrd W 
the capacity of the pump, and the height through which the water u raised 
will give tt quantity rvpres«.-ntativc of the engine power, and in the «se sf 
pumping engines, the indications of the coimter will enable as to detenaiae 
the diit^, the registration of which has in Cornwall been productive of a«k 
beneficial effects. 

Dynamometer. — In screw vessels the forward thrust of the sereir ka 
been measured by q dynamometer, an instrument constructed <» the prin- 
ciple of a weighing-machine, in which a small weight, or spring |nissnn 
at the index will sustain a much greater weight or prearore at the other 
end. In the Rattler screw steamer the forward thrust c^ the servrw, as 
determined by the dynamometer, was found to be about fow ttnt, aad it 
was also found that when a piece of paper was drawn slowly alone bcaaak 
the index, a pencil attached to the index described upon the paper a aac^ 
rated line showing great fluctustions of pressure in the different poait 
of the scrvw. I'lie tfreatett thrust is when the u^ew blade is in a liaail 
with the stern p«>st. A dynamometer has also been employed in Woolwich] 
dockyard to te»t"tbe tractive force of paddle-wheel steamers. Moris^i 
dynaiuonieter is usmiliv employed for ascertaining the resistance of railwav j 
trains. It consists gubitautiuily of two blades of steel, the flexure of wlue( j 
indicates the resistance. 
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CHAPTER IX. 



VARIETIES OF THE STEAM ENGINE. 



CONDENBINQ AND HIOH- PRGSSr BE ENOtMCB. 

We have already intimated that steam engines of ev«ry kind ore diviaible 
into two great clatsea — hlgh-presiture eagines and condensing engine*. 
Condensing engines arc »otnetime8 olio worked with a high preasare of 
■team, and tbe distinctive appellation of high-pressure engineA applied to 
engines of which tbe steam is not condenaed, is open to exception; but we 
aball take the name as it stands, as our ambition does not rise to the ccnn- 
•^ of a new nomenclature. All loeomotive engines are of the high- 
preasnre Tariety ; and generally all engines are made on the high -pressure 
plan, where the carriage of condensing water would be inconvcnienl, or 
tlie first coat of the machine becomes a point of more importance than aii 
iacreaaed consmnption of £uel. High-pressure engines are, celeriM parilnu, 
aeeesnrily more expetislve in fuel than low-pre£sure engines, as (hey 
occasion the loss of tbe power deri vable from a vacuum ; and ns the quantity 
of heat in the some weight of steam Is nearly the some at all pressures, 
there is no coonterrailing source of economy to compensate for this 
deduction. Tbe use of liigh-pressore engines in circumstances in which 
tbe low-pressure engine is applicable, is not to be conimended ; and the 
lugb-pressare m^ne is rarely emplojred for other purposes than loco- 
motioD on railways, except in the case of Tery small engines required for some 
Itemporary or trivial purpose. Constdcrable numbers of small hi gb- pressure 
«ogines are tent to tlie West Indies, for driTing sugar machinery, but even 
in that case, thvugh their greater fitcilitj of coDveyaoce is a coiuidcnition, 
I their use am hardly be defended. Wherchigh-pressurcstcumis employed, 
it is expedient to make the pressure considerable, as the deduction to be 
made for the pressure nf the atmosphere is lesa in proportion, with a high, 
than with a moderate pressure. Some locomoliTC engines ore worked as 
high as 90lbs. on the square inrh. It must be needless to explain after 
oar previous expositions, that in thtr high-pressure engine the steam, ol^er 
iMnriag given motiocb to the piston, is suffered to escape into the atmosphere, 
▼herais, in the low-pressure engine, (he stMun, after it has impelled the 
jnaton to the end of the stroke, passes fh>m the cylinder into the oondenser, 
where it is condensed by a shower of cold water, its condensslioD occasion- 
ing a vacuum or void, which sucks down the piston, and adds correspond- 
ingly to tbe force o^the moving power. 

THE mJIPINO ENGINE. 

We bare in page LS, described generally the pumping engine, jjs arranged 
by Walt at an early period ef hts career, and the modem pimiping engine 
differs from this priinitivi- type oirfy in b few details of secondary iinport- 
■ace; excepting, however, the use of steam of a higher pressure, and the 
huTJl^r empluynient of the principle of exparisiou, by which a greatly jn- 
iTCMiil economy of fuel has been realised. The engine entitled " Cornish 
Pumping Ejigiue, Hayle Foundry," plate S.isa good specimen fif the pump- 
ing engine, as now constructed, and represents an engine of noted ecofKiuiy 
IB f^eL The valve gearing of the same engine is shown in ptate 4, entitled 
*• V«lve Gearing of a Cornish Pumping Engine, Hayle Foundry." This 
valve gearing operates in the some manner as the valve gearing of Watt's 
engine, figured and described in page 11. fig. 10; but the vaKeft, instead of 
being of tbe ordinary spindle kind, are of the equilibrium descriptiun, so 
that they may be raued by a trifling force. The equilibrium valve consists, 
sahktabtlaJly, of a cylinder, o^n at both ends, bthJ capable of being moved 
on a SKed piston with an upright stem. The cylinder stands over the hole 
in the atenni box, and the piston prevents the steam from passing through 
it ; bat when the edge of the cylinder is raised from the bottom of the box, 
the steam then gains an exit, a«d it is clear that Hie cylinder can be raised 
without any considerable exertion of force, as it is pressed equally in all 
dirvctiooa. Instead of the rubbing surface of a piston, however, two ground 
valve faces are employed in practice, and die moving part of th;> valve is 
»frt a^eTf«?et cylinder, as will be obvious by referriag (o the right-band 
figure of the pbite of valve gearing. The spindle valve in this arrange- 
ment, standing' to the extreme right, is merely a stop or throttle valve, for 
rfjraluting the flow of the stemu. Of the other two valves shown in that 
figure, the smaller is the steaiu valve, and the larger the uqiti^bnuui valve : 



the Brst for admitting the ateam to tbe cylinder, for aecomplishing tbe 
down-stroke of the piston, and tbe second for enabling the steam above 
the piston, at the temiin.ition of the stroke, to pass during the return stroke 
to tbe space beneath the piston. The eduction valve is seen in the sectioned 
figure on (be extreme lefl of the plate : its function is to let the steaQi 
escape to the condenser when a downward stroke is to be made. The 
eduction valve is generally opened a short time before the steam valve, so 
that the steam may have a longer time to be condensed, and that tbe down- 
ward stroke may be accomplished immediately that tbe steam is admitted* 
The valves are, always, moved by tappets on tbe plug rod, as in Mr. 
Watt's arrangement, but the details are slightly different, nud differ in 
different engines. Tbe details of the specimens we have selected arc aj 
good as any that have come under our observation : the condensers, we aire 
inclined to think, are oAen made too smalt by the Cornish engineers. 

Ail tbe Cornish engines are furnished witb a steam jacket to tbe cylinder, 
and, in some cases, a flue winds spirally round tbe jacket, carrj'ing hut air 
from a small fire in the engine house, Ut maintain the temperature of the 
steam unimpaired. Where this is not done, the cylinder is encased in a 
large jacket, filled with some non-conducting substance, or is covered witb 
wood In plate 7, entitled "Pumping Engine at Vauxhall, by R. Hosking, 
Engineer," a very effectual casing of this kind is shown ; and the covering 
is extended to the steam pipes and boilers, which are carefully enclooed in 
the Cornish practice. It is by this effectual prevention of the needless ii»- 
peraion of the heat, and by the lor^e use of the principle of expanaion, 
that the economy of the Cornish engine is realised, for the boiler has but 
slender claims to exycellence, and is in every respect inferior to the marine 
boiler, whether flue or tubular. A material economy is certainly derivable 
from the use of the steam jacket, though on what principle such an 
economy should result, is not easily discoverable. The jacket presents a 
larger cooling snrfbce than the cylinder itself, so that its use might reason- 
ably be supposed to oceusion an increased loss from condensation ; never- 
theless, of two engines, in every respect identical, but one provided with a 
steam jacket, and the other without it, tbe engine withont the jacket has 
given a considerably inferior result ; and tlie same engine, if worked with a 
jacket, has proved itself more efficient and economical than if worked 
without it We have given in pages 55 and "(►, views of Cornish boilers of 
the most approved kind. The boilers are easily made, but the ashpits are 
much too contracted, and tbe water level is of insufficient area, so that 
boilere of this kind are difficult to keep, and are lioble Xa prime. The 
steam pipe of the Cornish engine is greatly smaller than is usual in other 
engines, and no inconvenience iiriscsfVom its contraction, while the Ids* of 
heat from radiation ia diminisbcd. Many of the Cornish engines Lave a 
steam eaiing in tbe top and bottom of the cylinder, as well us around it ; 
and in some also a space is left fbr tteam in the stuffing box, so that if any 
leakage takes place it will be a leakage of steam, which will only increase 
the consucaption of fuel, instead of a leakage of air, which will diminish 
the power of the engine. To accomplish this object, the stuffing box is 
made very deep, and above the packing a lantern brass ia introduced, on 
the top of which packing is again laid, and the whole is pressed down by 
the gland. The lantern brass leaves a space between the two packings, 
into which steam is introduced by a pipe from the steam pipe. 

In most pumping engines one end of the beam is made longer than the 
other, the intention being to enable the cylinder to have a long stroke, 
without ccmmunicnting such a velocity to tlie pump buckets as will make 
them strike bard, and wear themselves quickly out. One advantage of a 
long stroke is, that high pressure steam iiiiy be used without being obliged 
to make the parts inconveniently strong , for the principal parts of the 
engine have (o be made of the same strength whatever be the length of 
tbe stroke, and to increase the diameter of the cylinder, to compensate for 
shortness of the stroke, involves the necessity of ft sTrong and expensive 
engine. WoolTs plan of employing two cylinders is sometimes used as an 
alternative remedy, and in some recent engines the plan has been much 
simplified, by placing the small cylinder on the top of the large one, and 
working both with the same piston rod; but, tu« we have explained ia fwge 
13, there ia no theoretical gain by (he use ol two cylittdersj and altboii^ 
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thrre u le«a irrfgnlarity in (he impcllinif force, there at greater com- 
plexity in tbe machine, so that » long stroke with an tineqaal beam appears 
to be a preferable expedient We haTe already, in page 121., and the 
following pages, shown that tlicre is no loss of power occasioned by tbe use 
of the crank in steam-engines, and we have here to combat the correspond- 
ing tappocition of a corresponding loss in puraping-engine«, front the in- 
ertia of tbe matter pat in motion at each reciprocation. The first errar, 
that of a Ion of power hj the crank, we have already disponed of, on the 
principle of virtual reloriiie«, in connexion with the consideration, that as 
no power can be created by a mere combination of levers, so none can be 
deftroyed thereby. The second, and more respectable fallacy, that power 
is absorbed in incessantly producing and destroying the motion of the re* 
ciprocating pnrtfl of a machine, we shall consider at sonic leogth, — regard 
being had, in our remarks, rather to the " number, character, and qualifica- 
tions " of the holders of the obnoxious doctrines, than to the intrinsic im- 
portance of the heresy itself. 

First of all, then, it is obvions that it takes some power to put a beam in 
motion, supposing il balanced upon its centre; and when motion has been 
communicated to it, an equal amount of force, applied in the opposite 
direction, is required to destroy the motion. To one contemplating the 
hearj masses of matter to which motion is alternately imparted and op- 
posed, the inference is natural, that a proportion of what would be other- 
wise arailable power is inoperatively expended, first in overcoming inertia, 
and, second, in destroying momentum. The working-beams and side- 
levers of steam-engioes afford the most fiuntliar example of this. We there 
see a weight of wveral tons, including the various attachments, tnovlog 
with considerable rclocitr, alternately in opposite directions. Some other 
machines, we shall find, supply more striking illustrations;, such as pUtctng 
machines, stone-cutting machines, rrciprt>cating saw-mills, &c. In feet, 
instances of incessant reciprocation are not much less common than in- 
stances of coniinnous rotation. Unlike tbe loss from friction, atmospheric 
resistance, viscidity, and imperfect elasticity-, we shall find that this loss, if 
«ny exists, is of a nature Susceptible of mathematical investigation. We 
ahall take the redurtw nd abturaum plan, and show that if the ultimate lo«a 
be any thing, it must in some instances be so great as to absorb the whole 
power of the machine. In the case of an ordinary engine-beam, with the 
uual connexions of piston, connecting-rod, or plunger-pole. &c.. the inertia 
of the beam, or its resistance to motion, may he regarded as equivalent to 
that presented by a certain weight at each extremity. It is a familiar 
problem in theoretical mechanics to determine at what distance ttom the 
axis the matter of a beam must be concentrated, in order to oppoae the 
«une resistance to motion that the beam does in its natural state. This 
distance is called the radius of g^Tation, and the point the centre of gy- 
ration. Assuming, again, any distance — such, for instance, as half the 
length of the beam — we can determine conversely whot proportion of the 
mass placed at that distance will present an e<)aivalent resistance: this may 
be termed the mass of equivalent inertia for that radius. 

Suppose tbe beam in question to be a prism, of which the length bears a 
great proportion to the other dimensions ; then, if we imagine one third of 
the weight to be placed at each extremity, and the rest to be annihilated, 
the reaiitanoe to aogtilar motion would continue tbe same, and one third 
would reprcient the masa of equivalent inertia. In a common beam we 
may take one fourth as the mass of equivalent inertia at the extremity of 
the lever: to this must be added the gross weight of the attachments to the 
outer ends, and that of the connexions to the mtermediate parts, reduced, 
in the proportion of the square of their actual distance ttota. the main 
centre, to die square of the half length of the beam. 

Take, then, the case of a winding engine at an inclined plane on one of 
the coal railways in I<ancashire — cylinder, 18 in. diameter; length of 
stroke, 6 ft ; heavy beam, which may weigh from 2 to 3 tons, one fourth 
of which call 13 ewt. ; weight of the other reciprocating parts, say 27 cwt ; 
total, 40 cwt We may then consider the engine-beam as a simple weigh- 
bcam without weight, but having suspended at each end a scale-pan con- 
taining 20 cwt This engine sometimes nukes forty strokes per minute, 
giving a velocity of 480 ft per minute, or 6 ft. in the second ; in tbe fouiih 
part of a stroke, or three-eighths of a second, this weight has had a velocity 
of 13 ft per second communicated to it, the maximum being to the average 
velocity as the semi-circumference to the diameter ; so that a force had 
been in operation which, acting for one second, would produce a velocity 
of S2 ft per second. 

To put 2 tons In motion, at a velocity of 12 ft. per second, requires a 
mechanical power equal to the descent of that weight through the space it 
would fall freely, to acquire that velocity — that is, through 3 ft 6 in. : 
thus, daring each half revolution, or single stroke of the engine, we have 
a force expended equal to 2 tons, or 4480 lbs., moving 4 fi. 10 in. ; but 
the piston having an area of 254 sqnare inches, it will he found that a 
pressure of 14 lbs. per inch is abeorhed in moving and checking tbe re- 
ciprocating parts. The ordinary pressure in the boiler'may be from 25 to 
30 lbs. : but tbe actual pressure on the piston cannot, at that speed, exceed 
15 or Iti lbs.; and thus we should have three fourths or seven eighths of the 
whole power spent in moving the working pan*. In spite, however, of 
this great drduction, the engine is found to perform its work with ease ; 
which eonld not he the case if the loss were a real one. In fact on the 
above computation, supposing the velocity to be somewhat increased, it 
would take more than Uie whole pressure of the steam merely to keep the 



engine going. So far, however, from this bebg the case, it ia fbond ttat 
when the pressure on the piston is constant, the useful effect ia ia the diMS 
proportion of the velocity. 

I^t us now take a different example. Suppose tbe case of A paani^ 
engine with ;2-inch c^rlinder, and 10 ft. stroke, weight of plongMwpoCi, W 
tons, with balancc-Vp-eight at other end of beam ; weight of " 
parts referred to the end of the beam 7 tons, total fvciproeati 
lbs. lAO.ooo. Suppose the number of strokes to be ten per i 
pause of half a second to be made after each single stroke, tb* 
speed of the piston would he 240 feet per minute ; and cosectf 
acceleration and retardation to take place uniformly, the greatwl < 
will be 480 feet per minute, or 8 feet per second, which is th* ftritd^t 
body tailing freely throngh the space of one foot would attalai mm, 
taking the power spent in retardation as equal to that cpent in aceebndea, 
we have for each double stroke of the engine a weight of lSO,00Ot^ 
moving 4 feet (equal to 600,<HJU lbs. throngh 1 foot), which, reduced ia tV 
proportion of 4 : 20, gives .3<>.tXRi lbs. as the constant pressure neon tk 
piston, •> 7^ Ibe, per square inch, supposing both strokes to be effecave, te 
= 15 lbs. supposing only one. — an amount which in most cases woald W 
more than sufficient to absorb the whole power of the eng^e. !■ tUi 
computation, we have proceeded oo the authorised plan of adding (he ftiw 
required to put a body in motion to that required to destroT thi DCUi^ 
and presented tbe two as the sum of the power expended ; but the tndh 
is, that these two forces, being exerted in opposite directions, not their "i*, 
but their difference, should be taken, and these being for tbe bmi |M 
Clonal, they neutralise each other, and the actual power abao rt wd ti jwi 
nothing at all. In the case of the water in the pumps the taae fWMrt il 
applicable, for though power is consumed in putting it into notSaa, tUl 
power is again given out in maintaining the flow after the stroke has to* 
minatcd. In the Cornish engines this action is particularly visible, kad tkr 
water will be found to continue to fiow from tbe pump for some tine ito 
the completion of each stmke. 

The puin{)-Talves of engines working high lifts are a coniinval asam 
of trouble and expense, and many expedients have been contrived to ^au 
the smock and tremor caoaed by their rapid dosing. Of theee, the beM ii 
probably the valve known as Harvey and West's, which is. in all its ms> 
terial features, identical with the balance- valve, represented is pi^' ' 
entitled "Valve gearing of a Cornish engine." This valve preMr« i 
with vcT}- little force, and an annular recesa is frequeutly made in ur 
pump backet, which it filled with end wood, on which the valve Wis i 
gooA. plan would be to make in the valve a recesa, to be filled with wmt. 
which must be forced out by a corresponding protuberance on the bockit 
before the valve can close, and the necessity of forcing oat the water wUI 
catise the valve to close gradually, and thus take away the shook- la teat 
of the French and American engines, cani-ass valves are used even ffar tW 
air-pump ; and the plan has been recently introduced into ^nglli'^ eagiw^ 
which are intended to work at a high speed — in aome MMt wi^ iwl 
cffMt; though in others, probably from the employment if n iaMiv 
quality of canvass, the valves have worn out vcr>' quickly. The boi^ 
consists of a metal disc, perforated with a Urge number of small MMk 
and these holes are all closed by a canvass disc, which rises and bUi lik« 
a common pot-lid valve ; with the exception that it is tMiuml down at <lt 
eye. and tbe edges only left. ludlan rubber has been tried as well aa eM- 
vass, but it sinks too much into the holes, and has not answered lowsL 
Plies of canvass, stack together by Indian rubber, would probably be (he 
best materiaL 

If there be any case in which the tise of an engine-beam can be exc»d 
it is in the case of a putnping-engine. EHrect action is incooveoieal aa( 
precarions over the mouth of a mine, and we do not conceive that lh» 
beam of the pumping-engine is likely to be so soon discarded aa ia otttf 
cases. The main-beam rests on a wall of masonry near tbe movth of Ike 
mine, as may be seen t>y a reference to the plate of a " Comiah pmapitf* 
engine." At the one end of the beam is the cylinder, and at the other w 
the pomp-rod. which penetrates into the mine. From the pwaj^rod drftf 
the beam the rods for working the air-pump and feed-pump are eaipiadrf 
The air-pump u shown in dotted lines, and beyond it appi-ars the i iiiiiliitr 
situated in tbe cold water cistern, with a valve attached to tbe endcf • 
curved pipe, for admitting the injection water ^fae valve being wrcogliVv 
the cataract which stands beneath the valve gearing. A rod pones thraUB 
the end wall of the hr>ii«e, for adjusting Tlte poainoa of the eealM tdmt 
radius-bar of the parallel motion. The cylinder end of tbe heaa ia aiti 
with catch-pins, which strike on the spring he w ns stretching fhxB iW 
lever-wall to the end of the house, if the piston proeecds down so &r aa la 
endanger the cylinder bottom. The feed-pump stands on tbe top of tie 
eduction pipe : the valve gearing we have already explained. It is xmA 
in the Cornish practice to make the lowest pump of the srriea of bih^ a 
lifting pump, and all the others forcing pttmps. Theplungvrsof thetociK 
pumps are more easily packed than the buckets of the lifting poBfa ; ■■ 
there is not the same risk of drawing air, but the lowest pvaip il nadaa 
lifting one, to iiicilitate extensions to a lower level, and also to p w f mi Aa 
pomp valves trom. becoming inaccessible if the water accnmoiates in the 
mine. 

The pumping-engine erected at VauxhaJl by Mr. Hoakinc ia k vtf 
creditable specimen of this variety of engine, and mav be taUf Mkfli Igr 
others as a model There are parallel motions it will be obacrrad, mA 
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eateh-pins at both ends of the benm. VTinches are placed above the cy- 
linder, and pumps to raise the piston, and pump buckets easily. There is 
a prQudice among the Comitih eugiaeert to metallic pocking in the pistons, 
and the use of hemp is attended with much trouble, from the continmtl 
screwing down and renewal it requires, especially if the pressure of the 
steam be considerable ; but this prejudice is now wearing away, and me- 
tallic packing is gaining a gradual iutroduction. Notwithstanding ail the 
ingeauity, however, expended upon the Cornish engine, and the very effi- 
cient performance to which it has attained, it appears to us to stand on tlie 
verge of early supercession, and we question whether it can maintain its 
groand for many years. The centrifugal pump is now utider trial as a 
pomp for the drainage of minea, and should the results which have been 
realized be confirmed by more extended experience, there cannot be a 
doubt that the whole of our present system of raising water must undergo 
a revolution. Small engines working at a high speed will then perform the 
functioQ.<i of the cuinbroos and letltargic pumping engine ; snialliT pi]>es 
irill toflice, as the flow of water through them will be continuous, and 
pomp raWes, with which there is moeh trouble at present, will cease to be 
necessary. The present Cornish engines, though rudely made, are very 
cxpensire, as there is on immense quantity of iron in them ; besides which, 
the engine-house and foundations re<iuire to be so strong and tuaxsive, that 
thej add largclj to the cost 



THE ROTATIVE EMOtirE. 

Of the roCative land- engine, the sixteen-horse power engine of 
Messrs. Maudslay St Field, represented in plate H, may be taken as a 
good example. It is our conviction, however, that this species of engine 
mast go altogether oat of use, as several kinds of direct-action engine are 
far more simple and compact, and appear to be in every way entitled to a 
preference. One of tliCM; is the oscillating engine ; another is the species 
of engine attached to Robinson's cane-mill, represented in plate D, and there 
arc several other varieties. We shall not, therefore, here dwell upon any 
description of the ordinary rotative or milUengine, as we look apon it 
now as a mere piece of antiquity, and although as a necessary part of our 
plan, we give in pages SUS — '2 1 4, a full account of the details of the ordinary 
beam rotative engine io its most approved form, we have not a word to say 
in commendation of that species of engine. The jacket in Messrs. Maud- 
slay's engine, plate 8, it will be observed, is cast in the same piece with the 
cylinder. The valve casing is provided with packing ports on the back, 
ttpon the lowermost of which the blow-throtigh valve seat is cast. The 
eoadenser is situated in the cold water cistern, beneath the cylinder. 
Mr. Fairbalm's BU-horsc power engiae, plates \Q and II, has the peculiarity 
of a toothed dy-wheel : in the rest of the arrangements there is little un- 
usual. In some cases the double-cylinder engine is used for driving mill- 
^rork, and some very excellent specimens of this variety of engine have 
been produced by Messrs. llenuie, Messrs. llall of Dartford, and Mr, Hick 
of Bolton. In engines for driving cotton-milils, the double cylinder plan 
may perhaps be an expedient one, for then the equability of motion is of 
the highest importance ; but in ordinary cases, where expaasioD is desired, 
it appears to be the preferable way to use either two smaller engines, set 
at right angles on the shaft, or a single cylinder, with a heavier and swifter 
fly-wheel. There cannot be a doubt, moreover, that engines working at 
twice the usual speed, after the maimer we have already recommended, 
iniut come into tisie for driving cotton mills ; and if the speed be greater, 
the expansion may be carried further, without impairing the regularity of 
niotiou. The details of this species of engine we need not here enter 
npoo, as the ueccssarj information reapectLag them will be found La pages 
306 to 215. 

TUE XAAfNK EKQIMC 

The marine engine has now become the most important variety of the 
•team engine, not merely on account of (he great extecusiun of steam navi- 
gation, but because it is fast superseding the ordinary steam engine, even 
for land purposci. We shall therefore enter into the cnn.«ideration of the 
structure and o]M;ratlon of this engine with considerable fulness of detail, 
and much of what we say will aiso be found to illustrate the merits of the 
other varieties of engine. Of the tide lever marine engiae, the engines of 
the City of London steamer, by Mr. Robert Napier, plate 13, may be 
taken as an iUusiration, We may take this engine as a text to suggest 
the few remarks upun side lever engines we here desire to record, postpon- 
ing to a more advanced stage of our progress, (pages 215 (o 23U.), any 
extended enquiry into the details of that description of engine. 

The framing shown in plate 12, is of malleable iron. This is a wise inno- 
wation, for it was a difficult thing to prevent cast iron framing from being 
bn^ken by the working of the ship, though we believe Mr. Robert Napier's 
framing was more exempt from such accidents than that of any other 
maker. This malleabte iran framing is a judicious one ; yet we tbiuk it 
might have been an improvement if the diagonal stays had run on to the 
cylinder, the parallel and valve motion shafts being supported on a column 
tied to the diagnual stay by a bar running from the top of the column to the 
janction of the lower diagonal stay, with the crauk shaft pillar adjfrining the 
air-pump. The piston rod is Becure<l into the cross head with a nut on the 
(op, as well as a cutter through, which Is a good practice. There is Ichq little 



taper in the part of the rod which fits into the cross head, so that it will 
jam, and cannot be got out witliout great difficulty in the event of such 
disconnexion being wasted. There is also too little taper in the piston- 
rod where it passes throagh the piston, tliough there is a counter-sink to 
take the strain, which will prevent the piston rod from splitting the piston. 
If the cone on the piston rod end be made slight, and nothing be added to 
take the strain, the rod will be drawn up through the hole, and the piston 
will be split : this accident has happened to several of Mr. R. Napier's 
pistons. The piston ]>ackbg consists of a double tier of rings. \\'e think 
a single ring turned, of an eccentric form, and fitted with a tongue-piece, to 
be a preferable packitig. 

The valve is of the long p variety, of which we do not approve mnch 
for large engines, and the method of i^ackiug it is not convenient. 
There are no packing ports formed in the back of the valve casing, but the 
packing has Io be put in from the inside, and the valve has to be drawn 
evHjry lime that it i» packed. It is a defect we conceive for the eduction 
passage to enter the condenser at so low a level. The fiiucett joint in the 
valve casing is a good arrangement, and ought li> be applied to nil engines 
above a moderate size. The air>pump bucket is unprovided -nith a junk- 
ring for screwing down the packing, the want of which is, in large engines, 
a weighty fault. The bucket valve is of tb# common pot-lid description, 
which strikes hard. There are two delivery valves, one in the mouth of 
the ptimp, and the other in the hot well. \\c do not sec the u-se of this 
multiplication, especially when there are engines working well without any 
deliverr-TalTe at all. The same objection that we brought against the 
want or sufficient cone in (he ends of the piston rod applies also to the air- 
pump rod. The connecting-rod is needlessly heavy : the connecting-rod 
at the smallest part need not be so thick as the piston rod, and here it is 
much thicker. The starting gear in the City of London, consists merely 
of a long lever, by which it is difficult to obtain sufficient power for Tuo^-ing 
so large a valve : a great number of men ore required to start the engine, 
and the travel of the starting lever is so great, when the engine is thrown 
into gear, as to be a source of dan^r to persons in the vicinity. This is 
not a common fault of Mr. K. Napier's engines i in the engines of the Pre- 
cursor, the starting gear is the mast elegant and convenient that has come 
under oar observation; and the engines of the City of London, notwithstand- 
ing the slight imperfections we have mentioned, are souud and good engines 
in roost respects, and will, we have no doubt, cost but little for repair. In the 
Precursor and British Queen steamers, the engines of both of which vessels 
are by Sir. It. Napier, the starting gear consists of a wheel, like the steer- 
ing wheel of a ship, which, by means of a pinion working into a sector on 
the valve-shafl, gives motion to the valve, and the power is thus so multi- 
plied that one man can start the engines. To prevent inconvenience from 
being experienced by the en^oeer from the rapid whlrliog round of the 
starting-wheel, wheti the engmes are thrown into gear, the disconnecting 
apparatus it is so contrived that the act of throwing the eccentric rod into 
gear, throws the starting wheel out of gear, and vice versa, Io the Precur- 
sor the eccentric rod is thrown out of gear by means of a lever, with a 
pulley on the end of it, and which, being forced up against the under side 
of the eccentric rod, lifts the rod out of a notch. The centre of this lever 
is attached to an eccentric stud in the framing, which is so contrived, that 
when the lever is in the position which allows the eccentric rod to fall into 
pear, the eccentric stud draws back the valve-shaft, so that the teeth of the 
pinion are no longer in gear with the teeth of the sector ; but when the 
lever is forced up into the pogition which throws the eccentric rod out of 
gear, the valve shaft is pushed forward tmtil the connexion of the pinion 
and sector is again established. It is very desirable that this or some equi- 
valent contrivance should be adopted in all engines where the starting 
handle has a large travel, as the rapid movements of the starting handle, 
when the engine is thrown into gear, will otherwise be a source of much 
danger to the engiae attendants. 

The engines of the steamers Clyde, Tweed, Tay, and Teviot, plate 
IS, by Messrs, Caird and Co., are clear of many of the defects which 
we have just mentioned, but they have others of their own. Of 
these, the moat remarkable is the obstruction offered by the valve 
to the entrance of the steam into the valve casing, when the valve is at 
the lower part of its stroke, so that daring the upward stroke of the 
piston the steam is etfectuolly throttled. This, of course, was an oversight 
of construction, but it is one that must serioasly impair the efficacy of 
the engines. The diagonal stay appears to be too weak where it joins 
the cylinder. It is a bad plan to have the main centre going through 
the condenser, as it is difficult to keep the joint tight, unless a pipe be 
east in for patting the main centre through ^ and if that he done, (he in- 
equality of contraction sn the metal makes the sides of the condcDser 
very liable to be cracked, by heating with steam in blowing through, and 
cooling with cold water when the injection is admitted. Many of Messrs. 
Caird's condensers have been cracked in this way. It appears to ns pre- 
ferable to moke the condenser in the form of a large and tali pipe, the main 
centre being supported by pillow blocks of a suitable constniction i and 
this is the plan followed by the London engineers io their side lever marine 
engines. 

Padtlle-tcheeh. If B body moves through a quiescent fluid with a given 
velocity, or if a fluid moving with a given velocity impinge against a body 
at rest, the resistance will in either case be as the square of the velocity, 
while the power requisite to overcome that resistance will be as the cube 
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«f the relocitr; tothat if the vilooityof a steamer be doubled, the rchigtance 
experienced ui poMing through the water becomes four tluies greater than 
befure, and the power required to achieve that doubled »peed eight timet 
greater thaa before. This is explained by the circumstance that the 
retiatance of a body Dioviag iu a fluid is proportioDate to the number of 
panicles stnick and the veliicity with which they are struck : ah twice the 
number of panicle* are struck, and each particle with twice the force, there 
is four times the resistance ; and as the strain occasioned by this resisunce 
it four times greater upon tlie engine, and the engine has at the same time 
to work at twice the speed, there must be four times the expenditure of 
power. If the surface of the reatstiDg body be denoted hy unity, and d 
denote the denititT of the fluid, r the resistance which it opposes to the 
motion of a <tolid body, and v the velocity of motion ; then, universally, r is 
wtd V*, and if a denote the area of the plane, r it as a </ o*. 

The absolute resiaUnce which a qiueacent fluid opposes to a plane 
sur£ice moving through it with a given velocity, is equal to the weight of 
a column of the fluid whose base is the plane, and altitude the same as that 
which is due to the velocity of motion ; that is, the height through whicb a 
heavy body moat &U to acquire that velocity by the action of gravity. 
Putting (I for the area of the plane of impact in s(|uare feet ; h, the height 
through which a heavy bodymturt foil to acquire the velocity by the action 
of gravity ; r, the resistance offered by the fluid to the motion of the plane ; 
«, the specific gravity of the fluid; r, the velocity of motion in feet per 
■econd, and g, 32^ feet, the constant coefficient for gravity : then, at r is 
proportional load e*, or what is the same thing, a » t-*, and as r La also by 
the proposition equal to a A «, while A. by the laws of falling bodies, is equal 
to the square of the velocity divided by twice the power of gravity, we 

have r>' and as the weight of a cubic foot of river water is 62} lbs. 

y 

621 a V* 
we havers — ^* — ftod by restoring the nnmerical value of 2 ^ wc get 

Reaiataoce » area * velocity squared x 0-0715. 

To ascertain the resistance in horses power we must take one minute for 
the unit of time, multiply the coefficient by 60 times the velocity iu feet 
per second, and divide by 3ii,000. The equation then becomi^s — 

Resistance in hnrse* power = area x velocity cubed * 0'00176(>37 
This expression, however, though fairly representing the resistance in 
borsea' power, or the number of hi>r»ie»' power necessary to impel at a given 
•peed such vessek as the Medea and others of tbe same stamp, will not 
apply in the case of very ebarp vessels, and indeed a new co-efficient is 
neceasary for every difierent shape. The Medea has an immersed sectional 
src* of 863 aqoare feet, and it impelled at the rate of 1 1 -33 English miles 
an hour, or 16-61733 feet per second. 16-61733' » 263 » 0-0017663" - 
8131-675 horses' power, so that 2131 horses' |>ower would be required to force 
a plane with an area of 2fi3 feet ibrongh the water at the rate of 1133 
mUet per boor The power of the Medea, however, is only 220 horses, 
•ad of this aboat one third is lost by the slip of the wheel leaving only 14R 
It n r t ea* power available for her propulsion, so that }hc shape of the vessel 
has the effect of reducing the resistance from U-6 lo 1. M"ith a better 
thaM there will of course be a still larger reduction. 

when a fluid impinges npon a plane surface in an oMiqae direction, it 
win impel the plane in a direction at right angles to \X* sui-t'ace with a force 
which it proportional to the wpare of the velocity of motion, the density 
of the fluid, the area of the plane, and the square of the sine of the angle 
of incidence. The equation for the resistance then becomes — 

Resistance -area « velocity squared > sine s<iaared of angle of incidence 
H 0-9715 and the resistance in horaea' p<jwer stands thus : — 

Resistance in horses, power'area » velocity cubed » sine squared of angle 
of incidence K 0-OUl 76637. 

When ■ paddle wheel ia first pat in motion, every point upon it describes 
% circle lowid the centre ; but a* the vei-sel begins lo more, the forward 
motion of the veaael being compounded with the rotative motion of the 
wheel, each point describes iu the air or water a cnrtate cycloid dif- 
frriag (Vom a circle in the proportion of its propinquity to the centre. The 
■pMd of the vesael is usaally about a third less than the speed of the ex* 
XnmAm of the paddle arms, and a circle therefore described on the wheel 
wiUi a radius of two thirds the length of the poddle ann will travel with 
the tame speed at the vessel pastes through the water. This circle, which 
is usually called the rolling circle, is such, that if the vessel were travelling 
upon luml u|M>n wheels of that size, and with the same speed of engine, her 
velocily would n-main unaffected. If d denote the diameter of the rolling 
ciivle in feet, m the velocity uf ibe vessel in English miles |ter hour, and 
a the ntunber i>f revolutions of the wheel per minute, we have 5280 m for 
tha motion of the veaael ia fbet and 60 m for the number of revolutions ; so 

tli4t b the circomf^mKC of the rolling circle, and its diameter is 

Ml 

H W * 

At every point in the radiui of the wheel movet with a greater velocity 
M it ia Amber from the centre, it it clear that the portion of the paddle 
board Authcat removed from the centre moat experience a diflt-rcnt degree 
ei reMtiane* from tho portion nearer to it ; and the mean centre of pret- 
•are ihercfon cannot he at the centre of (b« float, but at a point nearer the 



outer edge, and varies also with the angle of the paddle and tlili iltplll i 
the immersion. For light immersions it may be reckoued tlial the r«ii. 
ance on any point uf the paddle board varies aa the 3<1 power of its dia- 
tance from the rolling circle : and assuming this, let us put R for the radtm 
of the wheel estimated from the centre to the outer t<dge of the jwddk 
board ; r, the radius uf the rolling circle -, S, the depth of the paddk mH; 
X, any variable distance estimated from the up[>er edge of paddlo hoard ; 
and y, the distance between the upper edge and centre of preamrc ThM 
(R — r) is the difference between the radius of the wheel and that of tt« 
circle of rotation ; consequently the differential of the resiatancc hvoeiMt 
{(R-r) + j}'J J-, and it» integral i^ ;(R-r) + yj 'B; and by redaction wv 
arrive at the folbwiog rule : From the radius of the wheel sobiract ite 
radius of the rolling circle; to the remainder add the depth of the p*ddto 
board, and divide the f<iurtli power of the sum by four liiaea the dcytb; 
then froiii the cube root of the quotient subtract the difference between 
the radii of the wheel and circle of rotation, and the remainder will be tht 
distance of the cetitre of pressure from the upper edge of the paddle, la* 
ttead of the common radial paddle-wheel, a description of wboeU wnh 
moveable floats, known as Morgan's wheels, arc now muchemployed, tlMofh 
they were for many years regarded with disfiivoar. In thia wh«cl «mI 
paddle, which is of iron, is hung upon a centre in the manner of a Ifcroltic* 
valve, and is connected by a rod to a fixed eccentric, cither on tbt ui» if 
the ship, or upon the spring beams which sustain the end of th« pnAb* 
shaft. When the wheel revolves the operation of the eccentric mainTiai 
every float in the verticaJ position, or nearly to, whereby a more yertta 
action of the wheel is n-aliied than if the flonta were fluted, aa in the oaa 
of the common radial paddle with wooden floats.' 

In coDsiderini;; attenti%-ely the action of the paddle wheel, it will be rt- 
marked, that although the circular velocily of the wheel it tuuform, %trf 
unequal portions of the cycloidol path are described in equal timea; for A* 
space described during the first quadrant is more than doable that dcacribel 
during the socond. and that described during the third quadrant it lens than 
half that described daring the fourth. The result of this action ia, that tha 
vertical paddle hoard, iiutead of being the most effectual in the prafinkiaa 
of the Teasel, aa might appear on a curtory survey, is the leaat eiliecintl «f 
the floats immersed : for the horizontal velocity of a float when in ika 
vertical position, it at its miEtimum point, and consequently in thi ininnain 
radial paddle wheel both the entering and emerging floata nr« the moc* 
effectual. In the feathering paddle this action is materially modified, and 
the feathering peddles do not involve the same lots of power. By rai' 
dering a smaller diameter of wheel applicable, loo, they rnahle the enigiaaa 
to move at a higher speed, whereby their efficacy is increaaed : a fmad 
that will go 13 miles an hour with the cominoa wheels, will m»kt fe wiM 
an hour more with the feathering wheels, the power of the engtaca b«i( 
the tome in both cases. 

Much prejudice at one time existed to the use of ftatheriog f^Aht in 
the case of sea-going steam vessels, and not altogether without rmMn. aa b_ 
several ioslnnces the paddle wheehi were so insi>cure that they were entu 
swept away by the sea. But this fault was one merely of ctiottructtwo, i 
in the wheels made by Messrs. Peon, and latterly too by arveral 
makers, no defect uf this kind has arisen, while the S(ieed of the wet 
certainly materially greater than if the ordinary paddle-wheel hnd 
adopted. The constructive expedients employed by .^Iorgan were ia maj 
respects very defective ; but the wheel as now made is probably aa atto^ 
as many examples of the common wheel, and while it gives a better raanlw 
it is of much more convenient dimensions. The benefits derivahic (nm 
feathering fl(«ta, however, will not be realized to ony appreciable extent. 
unletji the wheel be kepi very small in diameter, for it la then alone thit 
the engine can get awn\ at a rapid speed, and it is from the sapeiinr apwd 
of the engine, rather than from any other cause, that the benefita dn* lo lh» 
feathering action are attributable. MTheels of the common radial kind 
cannot be made small in diameter without involving such a ditpnriry in the 
effect of the entering and vertical floata, as to occsaion a tBaterinl lorn «f 
power ; added to which, the entering floats, if far up on the are «f tbt 
wheel, will carry a wave before them in the tame ntonner at the bffv, 
whereby an additional lota of effect will be occasioned. Upon tha wkdai 
it appears expedient that paddle-wheel steamers should bnwt ikflir flMM 
made on the feathering plan ; and a very perfect tpeatmen of thia kiad^rf 
wheel is given in the views of the machinery of the Black Eagle ttaaaMr 
by Messrs. Feno, represented iu Plates 18. and 19. 

DnKDOiMO. — An application uf the marine engine of tome 
is to the purpose of dredging, and we here give the beads of the' 
cation of a dredging machine planned by Mr. Loekc for the OnHBOCk 
Harbour Tmat : — 

Bmkrt Ladder, — The ladder shall be 36fL long between lihn MBCitn if 
the tumblers. The deteih; of this ladder are shown in the drawing, Md lh» 
following are a few of the principal dimensions^ The main honma ahnJI hn 
oak, each 32 fV. Sin. long, 12 in. deep, and 6 in. thick, placed Sft a)kk 
apart -, four cross ties of oak must be phiced between thciw henaw nad mar> 
tJced into them, each 12 in. x 6in.. and in the potitioos shown tathe d i» a« 
ing. Each of these main bcamt ahall have 3 m. of cauhar. TVana ■■!■ 
beams shall be trusted by a beam of oak, 6 in. v 6 in., in the fccB ikavB 
in the drawiui;. Between the main beams and the curved h<aBi& KiaM 
C in. K 6 in. must be placed, in the potitioiu ahown in the drnwinfi, tad pa»> 
pcriy morticed into ibe beauu. Between the two cnrvnd bcaou ctns (ina 
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of tim>>er shall be placed when sbcnm in the drawing. At the eoda of the 
bidder where the beuns join, chock pieces, 6 in. thick, nnd reaching- fift 
6 in, from the ends, must be placed. The two beams must be dovetuilcd 
into these chock pieces, and all firmly bolted together. The extreme depth 
of the liiddcr at the middle must fa« 3 ft. 9 in., and at the ends Ifl Sin., the 
whole formed of oak. 

Socketi. — Two malleable iron tie (sockets for the ends of the beams must 
be famished ; ther stiail be .'t t'l. ii iu. long nnd I in. ditiiueter ; and must be 
pl&ced one on each side of the oak ties between the main beams. 

IrxM Truaa RinU. — The ladder must be trussed by two rodsof l^in. 
round iron; each rod nmst have a box screw for tightening it. 

//mj/o. — Two malleable iron hinges must be fastened to the top of the 
backet ladder; they sbnll be 8ft. in extreme length, and l^in, thick; the 
head of the hinge must be 2ui(i. diumeter, and (he hole for the hinge shaft 
bored to I3in. diameter. The arms shall be Sin. broad, with four slots, 
6 in. long, in each. These binges mmt be bolted to the beonu, as shown in 
the drawing. 

-irTM at Lowtr End vf Ladder. — Two malleable iron arms, 7fu ftin. in 
extreme length. miiRt be fastened to- the liiwer end of the bucket ladder. 
They must have four slots S^ in. long, and be bolted to the beams; the 
lower end to be fitted with straps, cutters, gibs, and brasses. Each strap 
must be furnished with a strong shackle for the hoisting chains: an extra 
hole must be left for the pin of the shackle, so that it can be shifted when 
required. The part of the arms where the shackle is fixed shall be 6 ft 
Sin., «s shown in the drawing. 

Tumblers. — A cast-iron tumbler must he fastened tm the upper end of 
the bucket ladder, '1 ft. TiJ in. long, and 1 ft. 8 in. square, with a malleable 
iron flange, 2 in. square, shrank tjn at each end. The metal in the sides 
most he I i in. thick, and the tumbler must have four snugs, as shown in 
the drawing. A cast-iron timibler is also required for the lower end of 
the ladder, 2 ft. 9 in. long, and 1 ft, 8 in. square. It must be bevelled ofiT 
3 in. at the ends, as shown in the drawing. Two opposite sides of this 
tumbler must have snugs cast on them, H In. long. 3 in. high, and -i\ in. 
thick : these snugs must be 1(J in. apurt. The metal iu the sides sluiU be 
1^ in. thick. 

Tumbler Shnfls. — A roalleoblc iron shaft, S ft 1 in. long, and 6 in. 
diameter, is re(|uircd for the upper end of the ladder. It must hnve key 
seats, of 7 in. diameter, for the tumbler and bevel wheel ; and two journals, 
9 in. long, and 6 in. diameter, and 5 ft 1 in. apart, as shown in the draw- 
ing. A malleable iron shaft is also required for the luniWer ai the lower 
end of the backet ladder. It shall be 3 ft. in in. long, and 5 in. diameter: 
it most have two journals, 4 i:u. long, and 3 in. diameter, and 3 ft 3^ in. 
■part 

BoHtTM fur Pitrk Chaint. — Eight cast-iroD rollers are required for the 
pitch chaiti to run upon ; they shal] be S ft long, and 7 in. diameter. Thej 
most have square spindles of malleable iron, of 2 in. diameter, at the jour- 
nals. Two cast-iron pillow blocks are required for each roller; they must 
be wnk If iiL into the beam, and firmly screwed down. The centres of 
the roller* shall be 4 in. above the ladder. 

Pitch Chains. — Two malleable iron pitch chains ore required for the 
backet Udder. Each chain shall have 40 links and 40 joints, SO single 
linlu and 20 double links: each link shall be 2 ft long between Ibe centres, 
and 2 it S( in. long over all ; the links shall he straight on the top and 
bottom ; they shall be 3j in. deep, by IJ in. thick, except ot the joints. The 
pins for the joints shall be of steel, and turned to I J in. diameter, with 
round heads, 2] in. diameter ; they shall have washers, ^ in. thick, und be 
fastened at the end with cutters, I in. wide, and I in. thick. 

BuckfU. — There *hall l»e twenty buckets, mode of maSJenble iron. The 
backets shall be made of \ in. boiler plate. The underside of each bneket 
next to chain shall be flat, and 1 ft. 8 in. sijnare, the bottom 8 in. high, and 
the mouth 1 ft 8 in. high. The greatest width at the monlh shall he 2 ft, 
3J in. The upper side of the hutrkel shall l>e 2 ft. long, and curved across, 
as shown in the drawings. The luoutiis of tln:- buckelj* .>;hall have a piece 
ot iron, 3 in. broad, and 1 in. thick, rivetted round the outside; and they 
•hall have also a piece of steel welded around the edges. The twittoms 
and (ides of the buckets shall be pierced with 12 holes each (24 in all). All 
these dimensions ore in.«ide measurements. 

Firing of NuckeU. — Kach bucket shall he fixed to the douhk links with 
four pieces of 3 in. angle iron, each 15 in, long. These pieces of angle 
iron shall be rivetted to the sides of the links and lo the bottom of (he 
bucket 

PedcttaLi at Upper End of Bucket Ladder. — There shall he two pedestals 
fcr the pillow blocks of the tumbler shaft at the upper end of the bucket 
ladder. They must have brunvhes for supporting the bucket ladder, as 
ahown on the drawings. Each of these pedejitals shall be 13 in. high, be- 
sides snugs, 3 ft. 7 in. long on the sole. 2 ft. 9 in. long at the top, and 9 in. 
broad. Each branch shall have a ring projecting 2 in., and turned up to 
13 in. diameter, for the hinge of the ladder. There must also be a hole, 
9 in. diameter, through which the shaft of the upjier tumbler passes, as 
shown on the drawing. A flange, 1 in. thick, 2 ft. 3 in. long, and II in. 
<leep. must l>e made on each side of the pedestal under the branch, and 
bolted to the top of the iH'ams, as shown on the section. The sole of the 
pedestal shall also be bolted to the top of the beams. These pedestals shall 
be cored, but the metal shall in no part be less than 2 in. thick. Two pil- 
low blocks shall be made for the upper tumbler shaft They shall each be 
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9 in. wide, S ft 4 in. long on the sole, and 9 in. long trcm the sole to the 
centre, making the centre of the shaf^ 1 ft 8 in. above the top of the beams. 
The buckets shall work at a speed of not less than equal to emptying 1 7 
buckets per minute. 

Maim Shufl. — The main shaft sh&ll be of cast iron, and 4,^ ft. 3 in. long, 
and 7 in. diameter. It most be in five lengths, with three circular couplings 
and one disengaging coupling, with a lever for throwing it in and out 
of gear, as shoiin on the drawing. The centre of this shall be 10 in. from 
the side of the well, and I ft S in. above the tup of the beams. The Jour" 
nal shall he 7 in. diumeter, and 9 in, long. 

PfdeaiaUfor Main Shaft. — Five pedestals shall be formed for carrying 
the main shaft, as shown on the drawing. They shall be 2 ft. 3 in. long, 
and 9 in. broad. They shall have arms or flanges below for embracing 
the beam, 1 1 in. long on one side, and 2 ft long on the other. Thev shall 
be boiled to the beam and posts, as shown on the drawing. These pe- 
destals shall be cored, but no part of the metal shall be less than i in. 
thick. 

W'hceh. — The following wheels ond pinions are re«juired. A bevel 
wheel on the upper tumbler shaft, 59 '87 in. diometer ou the pitch line j 
it shall have 5U teeth, 3j in. pitch. A bevel piniuu on the end of the 
main shaft, 29'62 in. diameter ; on the pitch line it shall have 25 teeth, Sjj 
in. pitch: these wheels to be of unusually strong dimensions, A ctvg wheel 
on the end of the main sholt. 70 in. diameter; it shall have 88 teeth, 2^ in. 
pitch : this wheel must have a friction socket the details of which are 
shown on the enlarged sketch. No. 2. An intermediate wheel, .5 ft, 4J in. 
diameter, and 2^ in. pitch. A spur pinion on the crank shaft, 39 in. dia- 
meter, 49 teeth, 2| in. pitch. 

The Schew P«oi'klij;r. — There is too little yet known respecting the 
iverfomiance and manner tif operation of the screw propeller to justify the 
formatinu of ruks pretending to regulate the details of practice ; but the 
conviction of the most expenenced engineers appears, at the present time, 
to be, that while for river steamers the feuthenng paddle is the best pro- 
peller, the screw has, at least, established a claim to equality in the case of 
ocean steamers ; while ua a propeller for vessels fitted with auxiliary 
power it has an undisputed superiority. The competition raJiways are now 
establishing to lines of coast trnvigation makes it certain that the ordinary 
paddle-wheel vessels must t»e superseded by vesseU provided with auxiliary 
power, which are capable of being worked at a greatly diniini.sbcd expense : 
nad this circumstance appears calculated to give an importance to the screw 
an a propeller, it could not have otherwise obtained- For veiaelR of war 
the screw has the manifest recommeudatton, that it is lets exposed to shot, 
and the whole of the machinery for driving the screw may be placed under 
the water tine, which is not possible in the cose of paddle-wheel steamers; 
but this point of superiority is not of dignity enough of itself to claim much 
cLtfntion. and to t!ie superior ajiplicability of the screw in conjunction with 
auxiliary [Kjwer, its grontng iiuportanco as a propeller is chieSy to be 
ascribed, 

The form iu which the screw propeller was first applied to the .Archi- 
medes steamer consisted of a broad helical feather altiiched to a cylindrical 
axis, driven by the engine, and which, working in the water in nearly the 
•ame manner as a carpenter's screw works in a piece of wood, carried the 
vessel forward in the direction of its length. The helical feather made a 
single convolution round the axis the length of the convolution being 
regulated by the pitch of the screw; but this arrangement was relinquished, 
as it gave a vibratory motion to the boat interfered with the action of (he 
rudder, and threw the strain too much on one side of the axis ; and two 
half convolutions of a double-thrcadetl screw were adopted, instead of the 
whole convolution of a single-threaded screw. In Inter applications the 
screw has been made much shorter than what answers to half a convolu- 
tion ; about one-sixth of a convnlution is now a common proportion. In 
the Great Northern, the area of midship section at Ifi feet draft of water is 
Ui\i square feet, while the screw contains about 90 square feet deducting 
the iirett of the boss. The speed uf the vessel is nine statute. miles on hour, 
and the slip of the screw is one tenth. 

If, when the vessel is at rest, the engine causes the screw to revolve on 
its axiH without advancing forward in the water, every point of its surface 
will describe a circle, the magnitude of which is proportional to the distance 
of the describing point from the centre of motion. It is clear the surfiu?e 
of the screw will strike the water with a force that is due to the velocity of 
motion, and llie water will be impelled in a directioD at right angles to the 
surface, with a velocity corresponding to that of the revolving feather, but 
varying in proportion to the distance of any particular point from the axis. 
This is the force that is effective in propelling the vessel, and it will be seen 
that it is greater, at a greater distance from the centre, decreo-sing gradually 
OS we approach the axis where the velocity of the revolving surface is smolL, 
On the other hand, if the vessel moves forward in the direction of its length 
while the screw is prevented from revolving on its axis, every jwrnl on the 
surface of the projecting feather will trace a straight line, equal in length 
to the distance passed over by the vessel ; or, in other words, the screw, in 
being pulled forward, will displace a cylinder of water of its own diameter 
nnd of the length of the vessel's motiion, occasioning, of course, a waste of 
power in the operation. When the screw is put into action by the engine, 
both of these resistances are encountered. If the acLiim of the pn>peller 
were perfect, the screw would operate as if working in a nut; nnd as there 
would be then no loss by slip, we could ascertain the speed of the vessel by 
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maltipWing the Dombvr of reTotutions by the pitch of the wrew, and divid- 
ing by 88. which w«uld give the »pecd per bcmr in statute luiles ; bat in 
practice th« sp««.><i is generally frum one-tenth to one-twentieth less than 
the speed ihos gsc4-'rtained. There is not an invariable loaa by slip, bow- 
eT«r, or at least not aa apparent loss, for in some cases, the vesaei is pro- 
pelled at a fiuter rate than if the screw worked in a solid- One cause of 
thia anomaly probably is that the water in closing in upon the wake of the 
veaael having a motion given to it, the «cri'W impinges, not uponstilUbut upon 
moving water, wher«hy an increased rvaction is obtained ; but something 
depends too upon the size of the screw, and in general it has been found 
that when the superficial area of the screw, taken aa a disc, is about one* 
fonrth uf the area of the immersed section of the vessel, the speed will be 
as great or greater than if the (crew was working in a solid. The water 
partakes very little of the rotniory motion of the screw, but is drawn in on 
all sides from the circumference towards the centre, and is then projected 
aft in a column slightly conical, as it recedes from the screw. The pilch 
of the screw, or the angle at which the blades arc set, differs necessa- 
rily with the form of the vessel and the power of the engine, or, in other 
words, with the speed expected to be attained : a common enough angle ia 
from 66 to 6H degrees with the axis. 

In settling the dimensions and pitch of screw proper for any particular 
vessel, the first indication is to make the diameter of the screw as large as 
it con be got ; and then the probable speed of the vessel, judging from the 
power and form, is to be estimated, which, after fixing the nnmber of revo- 
lulioDs and making an allowance of say one tenth or one twelfth for slip, will 
give the pitch of the screw. Most of the screws now used are made with two 
threads, or have two blades. Screws with three blades act more equably, 
as the whole of the blades are never in the line of the stem-post at once, at 
which point the forward thrust is greatest ; bat double-threaded screws 
seem apon the whole to be the most effective, and they may, if necessary, 
project beneath the keel, as they can be turned into the horizontal direction 
when Ibe vessel is in harbour, to prevent them from touching the ground. 
To ascertain the amount of helical surface of a screw making one convo- 
lution : multiply the sum of the radii of the screw and of the central boss 
by their difference, and the product will be the difference of their sqitares : 
multiply this number by .'i'lilf), and the product by the secant of the angle 
of the M:rew, and the result will be the area of (he helical surface sought. 

Ikiurnr'n Patent Houhle-fttnttr Engine The screw pro{K»ller bos created 

a new exigency in steam mechanism. The propeller generally requires to 
■lake a greater number of revolations than tlie engines can coaveniently 
perform ; and cog-wheels have in many cases been introduced to brinp up 
the speed, thus introducing into steam veiaels the jar, tremor, an«l liahility 
to fracture incidental to the use of such device*. To remove this source 
of objection it is neceaiary that the engines should be coupled direct to the 
propeller shaft ; but as the valves of the air-pumps would strike so hard as 
to knock themselves to pieces if the engines were worked at any very high 
•peed, and as the various cootrivonces of canvas and Indian rubber valves 
are of doubtfh.1 efficacy in such an emergency, Mr. Bourne has contrived 
a specie* of engine in which the whole of the air-pump valves arc replaced 
by a particnlar arrangement of slide valve, whereby the engine may be 
worked at any degree of speed without inconvenience. One effect of this 
innovation is to make engines work more oois«le8sly than before, as there 
(s no longer any shock, tach aa that which attaches lo tlie action of the foot 
and delivery valves and the valve* of the air-pnni]i bucket in common 
engines. But the most important feature of the amingemeDt is. that by 
enabling the engines to work at twice the ordinary speed, it enablei; them 
to exert twice the ordinanr power. It is not for screw vessels alone, 
therefore, that such engines are appropriate, but they may be applied with 
advantage lo most of the purposes for which steam |iower is required. In 
the case of mill engines they possess the recouiniendation of imparting a 
more equable motion to the machinery, and in other cases they may be no 
arranged as to save fuel by permitting a Uirger expansion than could be 
allowed with a lower speed. Etigmcs on the double-power plan can be 
•old far a iesa sum per horse power than engines upon the common plan 
with the aame quality of worknuujship and materials i and as the double- 
power engines are more compact, and for most pnrpoaes more convenient 
than the ordinary engine, it appears probable that they will come into 
gvocral use. lo the case <tf mine engines, Mr. Bourne proposes under 
eartaia «trcniiutanota to apply a eentrilbgal pump to the condens<.-r for the 
4ia0harf> of the WBler. It is obvious thst the air-pump valves could be 
diapcoaed with by soch an arrangement; but it is equally clear that in 
ordinary eaaes the application would not be saceeasf^t, ac the centrifugal 
pomp, though it discharged the water, wonid not discharge the air ; and 
even if a pomp were applied to extract the air, the objection would still 
ranain, that at low rates of speed the centrifugsl pump would lie inoperative. 
Aaothor inconveniene* of the centrifugal pump is, that it requires to be 
drircB at a very high • p<«dt Irat in the eaae of mioei dtwaed by the 
ocatriAigal pump, the tiqeetioa water can eaailr be got rid of by leading it 
down to a depth of 32 feet, when it will run off by gravity, and be returned 
by the centrifugal pump to the stirface: and in stteb a cate the only 
fuoctinn of the air-pnmp will be to draw off the air and v«poiir. Mr. 
Carrie, of 1 1. Savage Gardens, London, who manufactures the double-power 
engines, thus spciks of their recommendations : — 

•• Mr. Bourne's double-power engines, which I manufacture, both on the 
bi£h and low preasure principle, and fur all the uses of mines, mills, and 




steam navigation, I consider certain to introduce a aew epneh 
history of the steam engine, as it is impossible but that the ordiaarT't 
should be superseded by a new engine the advantages ot whidl are id m^ 
spicuous. A double-power engine is only half the weight of a ooalaaM 
engine, occupies only half the space, and costs but little more thao half ite 
money. It works more smoothly than a common engine, and for th» 
purpoaei of cotton-spinoing has the great advantage of gi'^'ing a tamf 
steady imd uniform motion to the machinery. When applied to a 
vessels, it dispenses with gearing, and saves weight and apace in thai 
The smaller powers of engine, for which there is an increasing deaaa 
so light and compact, as compared with common engines, that the^ i 
universal wonder and some incredulity as to the realisation of the powe 
I warrant every engine I send out to be capable of exerting' twie* ita w 
power as determined by Watt's standard. In the smaller powera thaagia* 
is set upon the top of tlie boiler, which is a tall cylinder aboat the aiac c#a 
tolerably Urge stove : the chimney is of sheet iron, into which lh« waflr 
steam passes, and the engine may he set to work a quarter of aa hoar sikv 
it leaves my warehouse, as all the fixing it needs after being set ia ill j/bat 
is the screwing up of a few bolts to hold it down. For fiana |iiifpijaa> ^ 
engine and boiler may be set upon wheels, and ihns be trancpoftad icailr 
fh>m place to place." This statement is probably to be received wjth soae 
qualification, lu Mr. Currie cannot be regarded as a wholly disistersstcd 
witness. Nevertheless the facts appear indisputable that engioca ' 
double-power plan are lighter, more compact, and Iesa eoatlv thsu 
engines ; and these arc paints of superiority which cannot tkd to tell ( 
discerned. 

Mr. Currie famishes the following further particulars relative 
engine: — " The boiler of the double-power engine is for the 
Constructed with upright tubes, and I generally set the engine 
boiler in all powers under 40 horses. The following are the < 
sions of a one-horse power engine and boiler: -^ Diameter of 
inches ; height of boiler, 4U inches ; diameter of Aimace at erowii 
inches ; diameter of furnace at bars, 13 inches ; height of crowo pljaa i 
bars, 12 inches: depth of fire bars, 2 inches ; depth of ash-pit, 4 i 
depth of amoke-box, 4 inches ; diameter of chimney, 3 inchea. There sr« 
36 tubes in the boiler, 1 inch in diameter, and 16 inchea lonas hat liiscWs 
in the length of tube only passes through the water, and is aloa* eoaaHl 
as effective: the thickness of the shell of the boiler is thrce-slxtcnrthi i arf 
the pressure the boiler is calculated to bear is dO lbs., though 70 iha. istti 
working pressure. The diameter of the cylinder ia SindieB: Icaflhlf 
stroke, 3 inches; number of revolutions per minute, 87Si number ^ial 
travelled by the piston per minute, 436 ; and though these dimeasioasai* 
small, that they will give fully a horse power is made manifest by a tmjk 
calculation. The area of a cylinder 2 inches in diameter is S-UI6 : Mait 
the effective pressure be taken at 60 Iba. per square inch, instead of tUlka 
(as a compensation for friction and loss of effect from radiation aad (SyM> 
sion), we have a force of \M{ lbs. urging the piston at a speed of 4MArt 
per minute, which is equivalent to 82,184 lbs. raised one fbot highiaAa 
minute; and dividing by 33,000, this gives us aboia 31 horaea' power, h 
is clear, therefore, that this engine, notwithstanding the smallnesa 4tf ■ 
dimensions, will give a power more than twice as great as tho hnrte pnwsr 
of Watt, provided, of course, it is abundantly supplied witb steam, and tks 
supply of steam dependa upon the amount of heating ^-urfaee in the boiler, 
which requires to tw as great in this as in any other boiler txcnrng tke 
same power. On calculating the amount of tube surface, it will he kaal 
to amount to 19 square feet, and the furnace surface will aroooattaabsM 
34 souare feet more, making a total uf 1 5{ sqtmre feet of heatiaf mAm 
per horse power, which is a large allowance. The weight of the hsiisrtt 
about 2} cwta., and the total weight of engine and boiler, wiili water iatia 
boiler, is about 4| cwts. 

" Of the 40-hor»e power engine and boiler on the double-pnwer ptea. At 
following are the principal dimensions: — Diameter of boiler, 4 fecIC iaA^l 
height of boiler, 6 feet ; diameter of fnraoce at crown plate, 4 feet 1 AaaflK 
of Aimace at bars, 4 feet 1 inch ; height of crown phtte above beta, SO 
depth of fire bars, 4 inches ; depth of ash-pit, 8 inches ; depth of 
box, 12 inches; diameter of chimney, 12 inches. There are i47 
1 inch diameter, and £2 inches long, of « hich a length of 34 iasha 
passes throuph the water, and is alone reckoned as effective. The 
ness of the shell of the boiler is half an inch, and the plates are d 
rivettcd ; the pressure which the boiler is calculated to withstand ia 
The diameter of the cvliuder is 12 inches; length of stroke. 16 ' 
number of revolutions per minute, 195 ; number of feet traveDed 
piston per minute. 5Mfi. The area of a cylinder 12 inchea in dial 
11309" square inches; and if we take the effective pressure 
60 lbs., we have a force of 6785')i urging the piston nt a speed of Ss«4 
per minute, which is equivalent to 3,976,490 lbs. raised ooe fool 
minute, which, being divided by 33,000, gives UOhoraea* power, wl 
jtifit three times the nominal power. The weight of the boilcn is 
61| cwi. ; and the total weight of engine and bouer, with water in the 
is 90CWL. or 2jcwt. per horse power. 

" Tlie engine is of the oscillating kind, and the shaft, crank, aad 
for supporting the crank, arc all of polished malleable iron « the ty- 
is very small, and is made with a polished rim, which also anawe 
drum nptm which the belt nm« that carries away the power. The 
is made in the usual manner, but is, of course, so prop<irtintMd' 
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adapted to the higher ipeed Kt which the engine travels. The vaste steam 
paMe* iDto thechimne]?, as in locoinoiive enginec, whereby the draught is so 
<^uick«ned th)it a snuill area of grate bar lutBces ; but the end of the edttc> 
tioo pii>e entering the chimney is never contracted, as in locDmotivcjk, as 
anj coutractinn of the eduotinn pipe produces a loss of power. In the 
larger class of engines a platform is attached to the boiler, to make the engine 
accessible to tht' engine-man, thus obviating the necessity of any peculiar 
structare in the engine-houiie ; and for exportation to tropical climates, the 
oagine-hoase is itself made of sheet iron, and needs onlv a few screw bolts 
to connect the several parts together, to adapt it for the reception of the 
aaginc and boiler. The larger cluss of boilers are provided with Lamb's 
ftalii Prcvenii-r, for which I am the sole airent, and which is a contrivance 
Ibr blowing otf from the surface of the water, whereby the impalpable par- 
IMh of which scale is composed, and which are bidlooned to the surface by 
Imbble* of steam, are caught and ejected from the boiler, before they have 
' taae to subside upon the flues. This scale prevcDler has already been 
-applied by Kotilton and Wstt ; John Penn and Son; Ilury, Curtis, and 
Kcaoedy ; Maadslay and Fi«-ld^ Millor and Ravenhill ; Caird and Co.; Tod 
•Bd Macgregor; and most of the oth(.-r engineers, to vnriouii boilers con- 
•tractvd by them, and its efficacy has been amply tested by experience in 
Tarious land boilers, and in the following steamers, PottingiT, Ripoa, Pekin, 
ErtD. .\riel. Haddington, Tagus, Pasha, Braganza, Mutitrui»e, vessels of the 
Aiutrian Lloyd's, and a multitude of others. The boilers of the double- 
power engine, with this addition, are not liable to the f<irmation of scale. 

Sammda^B Bell Crank An engine with inverted cylinders is figured in 

Plat« XV., nnderthe title ofSommln's Ik-ll Crank Marine Engine, where A is 
the framing, C the cylinder, D Ltic condenser. E the air pump, h the air 
pomp cross head, P the piston rod, J the connecting rod. K the paddle 
•baf^ S the slide vulve, and T the bell crank lever. By this arrangement, 
it will be obacrved, one crank suffices for the two engines. The plan of 
the engine closely resembles that adopted in the Grpsey Queen, but in that 
the cy linden) were not inverted. We think we can discern Mr. Clegg's 
kand in this combination, and it is one not unworthy of his ingenuilv: 
helest the arrangement requires consideTable length in the engmc 
and although it accomplithes a laviog of width, yet width is not the 
ion in which the site of marine engines most require to be coutrocted. 
t apace left on each side would be only of little value, unless the boilers 
re placed there ; and if that wi're done, their contiguity to the vessel 
would be dangerous, or at least injurious, in the case of wooden ves.sels, and 
would defeat one of the great objects of modern boilers — that of making 
•very part of the shell accessible. 

Galhicaf'* Direct Action Eiipne. — This engine, represented in Plate XVI., 
of two steam cylinders, the piston aud rods of which are attached by 
ble links to a main cross head or beam, connecting both engines; 
ng a pan of this cross head ore two triangular frumes of wrought 
which, serving the double purpose of side rods and connecting rods, 
descend one on each side of the cylinders, and they are connected im- 
tely with the cranks on the main shaft, lying between the cylinders in a 
ith the keel of the vessel. The air-pumps are worked by the same 
incnt of levers which forms the parallel motion for the piston rod»i 
bot water and bilge pumps are wrought by the air piimp cro«s beads tn 
nanal way. The main shaft gives motion to the screw shoA through 
tb« medium of a new niahiplying gear, a front view of which is shown in 
the drawing. The engines are of 300 horse-power, and every part of them 
is below the water line of the vessel. 

There is extraordinary ingenuity in the whole of these arrangements ; 
Bevertheless this engine has not ctime into use, and we fear is not likely to 
meet with extended adoption. The mode of operation of the multiplying 
is not easily comprehended, but the principle of the arrangemtnt may 
.plained to consist in such an arrangement of two cranks, i^f which the 
twice the length of the other, that the movement of the crank pin 
longer crank through a semicircle will cause the crank pin of the 
ler crank to move through u whole circle. The principle, however, 
,will b« made more clear by an extract from Mr. Galloway's specification, 
which we therefore introduce. 

If the wheels shown in./^, 179. revolved upon axes in 

nsoal way, a would make an entire revolution, whilst 

ade only some portion of a revolution j but if 6, in- 

of revolving n|>i>n an axis, be suspeaded upon 

cranks, r. e, c, of eijual length, and the radii of which 

respectively equal to one-half the difference between 

diameters of the wheels (calculating such diameters 

ilie pitch-lines) ; and if the whole apparatus be at 

in the position indicated by the drawing, thereby 

Qg a to revolve, it will be found that the cranks, 

J-'iif. l&O. f"«/. ISl. Fig. JS2. 
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c, c, c, and consequently their axes, will make three revolutiooi during tfa« 
time that the inner wheel, a, makes one revolution. So if the proportionate 
diameters differ, say as 2 to 3. or 4 to 2, or any other integral proportions, 
and the lengths of the cranks c, c. c, be determined according to the rule I 
have given, then the cranks will always make as many more revolutions 
than the axis of u, as the diameter of the driving-wheel, a, is to the differ- 
ence between the diameter of the two wheels. 

" iiut I propose, in most cases, as I have stated, instead of using tomhcd 
wheels, to ailopt the arrangement shown tnjitjti. 180, 181, and 182., which I 
shall now explain; — Let it be supposed that three eqai-distant points (</,r/,</, 
jrfy. 179.) could trace tht'ir path upon a plate or disc, attached tfi A, and 
moving therewith, such piilh wf>uld bo four epicycloid* doited thereon; and 
if to tlie points it, d, r/, three rollers, of equal diameter, were affixed, then a 
figure, e,t,e,e,jit). ISO., would be the tangent of the s,-iid rollers in every 
part of their path; or, in other words, the rollers would trace out the figure 
e, t, e, e^fig. 180; such being the case, it will be manifest tlmt if, inete»l of 
toothed wheeU, we adopt the arrangement shown mfig. ISO, where d, d, d, 
are the thre« rollers, affixed to arms, and revolving in bearings, and the 
figure «, e, e, «, whose interior carved aj>erture is generated ujx»n the prin- 
ciple I have explained — 'then, on motion being given tp the niais axis, the 
cranks, dotted at c, c, c, will make three revolutions for one of the main 
axis ; and if the (igure e, t, e, <r. be accurately constructed, and the cranks 
truly proportioned, the action of the mnehiuc will be comparatively smooth 
and noiseless. In like manner, if the circles or wheels, u and £, be in their 
diameters as 2 to 3, the figure /,/,/, /y. li^X., wonJd be generated, and by 
attaching the two rollers to the axis, as there shown, the velocity of the 
main axis would be to the crank axis a« 2 to I ; or, if (he diameter of a and 
6 be as 4 to .'i, the figure g, g, 9,fi<J- 1^'--, would be generated, and by con> 
stmcting the ap{iAratus, as shown at fig. 183„ the relative velocities of the 
main axis and cmnk axis will be as 4 to 1. I would farther observe, that 
in whatever proportion the mivltiplication be effected, it is necessary that 
the Dumber of the rollers and of epicycloids should be respectively equal 
to the number of times the generating circlet can be divided by the 
difference between the two diameters. It will also be manifest, that the mul- 
tiplication effected by this method does not admit of fractional quaniiiies, 
but must always be in integral proportions. I must further explain, that 
if one propeller only is intended to be used, one only of the three crank 
axes must be prolonged for thai purpose ; but if two propellers are intended 
to be applied, then two of the crank axes should be similarly prolonged. 
It is further necessary to explain, that the arrangement of this contrivance 
may he chanj^-ed by attaching the driving axis to the epicycloidal figure, 
and the cranks to the pan to which the rollers are attached ; in which case 
the proportion of the muJtiplication will also be changed, so that the cranks 
«fj^4/. \Hy. would make three revolutions instead of two ; those atjUj. 181. 
would moke four revolutions instead of three ; and those ot fig. 182. would 
make five revolutions instead of four." This method of multiplying the 
npetd of the screw shaft, though most ingenioiu, is likely to be rendere<i 
needless by the accelemiion of the speed of the engine itself which is now 
taking place. 

Direct Action Enginen represented in Plate VII. — Direct action engines 
have of lute years come into extended use in steam vessels, and their em- 
pluymeut appears likely to become universal. They are leas bulky and less 
weighty than side lever engines,.and although must etiginecrs resisted tlieir 
introduction, thesecngines have now, even in the engineering world, risen tr) 
considerable favour. Most of the early devices were crude and unsatiiifiie- 
tory, but the excellent performance of the oscillating and doable cross head 
engines have redeemed the cta&.s from the disgrace that might otherwisa 
have been expected to overtake it. The existing crop of direct action 
engines is divisible into five varieties ; the Gorgon, Siamese, Stei-ple, 
I>oublc-cross-head, and Oscillating. We distinguish as Gorgon engines all 
those which have the connecting-rod between the piston-rod and the crank, 
whatever may be their subordinate features, and as Steeple engines all 
which have the connecting-rod situated above the crank. The SiameJe, or 
Double-cylinder engine, is that employed by Messrs. Maudslay and Field 
and Messrs. Forreiiter. of Liverp<K>l. The Double-eross-head engine is 
that adopted by Messrs. Durv and Co., Messrs. Fawcett and Co., and some 
others. The Oscillating engine is that brought into favour by Messrs. 
Penn, and which now nutnlxTs a mulciiude of admirers. Upon each of 
these varieties we shall have a few remarks to offer. 

The objections to the Gorgtm plan of engine are nnmerons and weighty, 
In the first place, only a very short stroke is attainable by this plan of 
engine ; and although we are not of the number of those who subscribe 
to the doctrine, that expansion can only be productive of its proper efficacy 
in a long cylinder, yet we believe that an engine of a moderate stroke will 
work more steadily and smoothly than when the str«>ke is short, while the 
cylinder is of large dimensions. There is, moreover, a greater waxte of 
steam at the ends of the cylinder when the stroke is short ; and although 
the amount of this loss cannot lie great, yet it is too great to be altogether 
disr^arded. We do not attach the importance attributed by some to the 
deranging influence of a short connectiug-rtid upon the slide valve, but we 
attach a good deal of importance to the increased friction consequent apoa 
the thrust, when the angle the connecting-rod makes is great, — not OD 
account of the power nbsorlied, but on account of the difficulty of keeping 
the bearings from heating. To thi* objection it is no answer to say, that 
the friction of a direct-action engine is as little or less than that of a beam 

F r 2 



180 



Varieties of the Steam Engine. 



vngine i the Tice being, th»t tho friction it not ftirly dtstrlbqted, but ao con- 
WDtrated at particular points u to be productive of injury in engines of 
the commoD proportions. 

There is, however, a far more seriooa defect of the norjiron variety of 
engine than any we have yet mentioned. It involves the use of a large 
paddle-wheel by the elevation of the shaA rendered necessary to afford 
room for the stroke ; and the largeness of the wheel gives too great a velocity 
to the float boards, by which means a considerable proportion of the engine 
power is dissipated. There is nothing better known, than that in all cases 
where there is a great disparity between the speed of the wheel and the 
•peed of the ship, a hirge amount of the power is wasted in throwing the 
water hack from the wheel, instead of beinf; employed in forcing the vessel 
forward ; and in the Gorgon plan of engine, as applied to ordinary sea- 
going steamers, a serioas loss from this soume must b« perpetually f^oing 
on, or else the engine must be working under its proper speed and power. 
These objections apply to all short connecting-rod engines, of which the 
stroke is small and the shaft high ; and in our eyes they carry sufficient 
weight to jttstify the condemnation of this species of engine in Mo. As, 
however, there may be some persons, perhaps, who will not concur in this 
opinion, we shall here set down some remarks respecting tlie several va- 
rieties of Gorgon engine represented in the plate, with the view of fhrther 
illustrating our convictions. 

First in order, then, comes the plan of Messrs. Boulton and Watt, the 
engine represented being that of Ihe " Centaur." In this plan of engine 
the condensers are situated between the cylinders, and at the extremity of 
each condenser on air-pump is situated. These air-pumpa are wrought by 
abeam, the centre of which rests on the condenser top, and derives its 
motion from a crank on the intermediate shaft — a rod extending to com- 
municate the movement from this crank to a pin near one of the ends of 
the beam, which is made something in the bell-crank fashion. The top 
of the piston-rod is maintained in the vertical position by guides. 

There is much ingenuity in this pUn of working the air-pumps, and the 
tiae of a beam enables the air-pumps to obtain an ndequnte length of stroke, 
without making the crank in the intermediate shaft of an inconvenient 
length : but the plan is attended with the very ohvinus objection, that if ilie 
beam breaks bodi engines are disabled ; the beam, hnwc-ver, is of matlenhle 
iron. Messrs. Uoulton and Walt have latterly resumed the use of the oeciU 
luting engine, of which engine Mr. Watt was, it appears, the inventor. 

The next Gorgon engine in our list is that of Messrs. Miller and Raven- 
hill, the engine represented being, we believe, that at the " Eclair." This 
pbin of engine takes up less room in the vessel than that last described ; 
and, indeed, no engine can occupy less room than this, for its length is little 
more than the diameter of the cylinder. The condensers extend from 
cylinder to cylinder, having air-pumps within theui, so that the whole of 
the cast iron part of the engine is bound together in a solid niasis. I'be 
air-pump buckets are wrought by means of cranks on the intermediate 
shaft. This engine, while it is very compact, enjoys the advantage of two 
air-pumps, the fracture of either of which does not impair the efficacy of 
the other. In some of their very recent eDftines, Messrs. Miller and Co. 
hove discarded the double crank in the shaft, and have wrought both air- 
pumps by one crank, the air-pumps being placed on the same vertical plane, 
and lying at an aniile to permit this adaptation. This plan, which is the de- 
sign of Messrs. Miller, is now adopted by Messrs. Penn, and others, and it 
it attended with several advantages. The water is brought very gradually 
up lo the di*charge>valTes, on account of the anjfk- at which the pump- 
buTels lie, and a softer action of the valves is thus tibiained than if the pumps 
stood perpendicnUirly. ^lessrs. Miller have lately discoutinued the Cc>rgon 
plan of engine, in favour of the oscillating kind, but have retained Ihe in- 
clined air-pumps, and have introduced other improvementa ; of these, the 
chief is theintroductionofduplicate cylindrical slide-valves, standing on each 
side of the trunnion. Fhese valves balance one another, and supersede 
the necessity of a balance to counteract the weight of the valves and 
Talvc-cosinp ; DevcrtbeWss their action in practice has not been quite su- 
tiflfactory. The valves, it is found, are very difficult to move, perhaps from 
a defect of workiuantihip, or some irregularity of expatisicm ; hut whatever 
be the caitsc, the fact is so. The valves also, from iheir smjill diameter, 
are not very accessible; and upon the whole their opemitim docs not np- 
pear ta be so satisfactory at the valve employed by Messrs. Penn, wlueb 
leavea anroe an)thing to'u- desired. 

We next come to the plan of Messrs. Falrbaim and Ca, as applied on 
hoard the " Odin," of the engines of which vessel the view given in tbe 
plate is a rcpnientatlon. The geitcral arrangement is judicious, and the 
miming, which, in all its muin parts, is of malleable iron, is substantial 
aitd Well sJju«te<l. We think mote fovourobly of the plan of a parallel 
motion for pniiling the top of the piston-rod than the plan of the slides, for 
*' ' <• parallel motion may be more easily kept from beating. One 

gt^ "u in Heasrs. Pairbaim's plan is, that the hearings of the p«r- 

•llti " 'I liT* made unumally large ; and we feel a*»iired thut this engine 

viO giva laaa tmoble to the engun-er, and consume less oil and brasses, than 
■rr uoally ebargcabte upon the (jorgon appetite. 

The most of what we have said respecting MeMTS. Foirboim's engine will 
also apply to ibatnf Mcwrs. Rennie, of which we entertain a verj' favourable 
opinltKi. The engines depicted as Messrs. Rennie's are those recently 
inada fbr th« "Samson." In this engine, Stephenson's link motion has 
been Introduced to enable the engines to be quickly started or reversed, 



and its use is attended with complete success. Fall speed ahead i 
suntly be changed to full speed astern ; but if there be miseh lap i 
the valves there ia a certain position in which neither engine can gatMcM^ 
To Messrs. Seaward, we believe, belongs the merit of iDtrodiacs^g tia 
Gorgon genos of engine ; and we trust this distinction may ataol thcai ■ 
some stead, as the particulars of their arrangement, we fear, very mwA 
require some diversion in their favour. The length of thia engine, it wtO 
be remarked, is very littie less than that of the common side leTer kud; 
so that we are thrown upon all the evils of a short coooectiiic^rod aii 
leviathan paddle-wheel, fur the sake of a gain that ia teuet monk iMsta^ 
In some of Messrs. Seaward's engines the evils of too high a shaft lw«v. we 
understand, been very severely felt; and we learn that >b the "PMh* 
tbeus." which is fitted with these engines, the shaft has been ■"■■'I i t sWj- 
lowered, though at (he expense of making the connecting-rod still sborvr, 
that was incunveiiiently short before. The defect, however, ikf too 
shaft is, it must be remembered, not a peculiarity of Meawa. Sea* 
riety of engine, but is a vice which attaches to the whole Go 
and Messrs. Seawards claim is therefore restricted to tha mem of ! 
carried the defect further than any one else haa aspired lo da 

We fear that much of what we have said respecting Mewra. 8«a« 
engine ia applicable, also, to that of Mr. Robert Napier, which ui not dm. 
tingnished by any excellence an&wcmblc to his high repaiatioo. Mr. 
Napier, we understand, approves more highly of the beam Uuu of tte 
direct action engine, and bis preference is probably a joft OIM. 1/ ite 
alternative be suppo«ed to lie l>ctween the side lever and Ooty i ii a ii ai} 
but we ore of opiuion lliiil l.KJtli the Gorgon and side lewr HmaMM li 
given up, and those manufacturers who adhere to them pertwaetowlj «A 
gradnally be deserted. 

The last Gorgnn engine we have to notice is, that of Mesars. Soon. S» 
clair, & Co., the subordinate details of which manifest much JodfBoaC Md 
ingenuity. The condensers and air-pnmps are situated belwaaa tha ejIMai 
as in Measra. Miller and Co.'s arrangement, but each air-panp ia VfoadM 
by means of cross levers off the cylinder cross hoMl of the other tagSk 
whereby the necessity of cranks in the intermediate shaft ia amMcd. mi 
each air-pump acquires the motion of the slide valve of its own oa^bb 
which is an advantage. To obviate auy inconvenience from fhia amafB* 
ment in the event of fracture or other disarrangement, a paasaga ia cna> 
blished between the condensers which may at any time be opened ) ao llHI 
an injury to one of the engines does not disable the other, as it wo«14 da 
without this provision. 

The Steeple plan of engine, whieh is the invention of Mr. David Nmmn; 
ba-s the merit of being very compact and effectual, and in the caaa tt aw$t 
Vessels, olTvrs udvantages which have led to its extended adoption. Tbepai^ 
trusion of a large portion of the machinery above the deck is. howrvcf. 
much objected to in the case of sea-going vasels, and Messrs. Tod and Mse- 
gregor now give the preference to the double cross head engines in sucft 
cases. It is a fault, we conceive, to make the air-pnmp >» ith the same stroke 
as the cylinder. Where the air-parap bucket moves with a great vwlaciiyi 
the valves strike so forcibly as to wear themselves out very aooo. Tht !•• 
jury might, however, he mitigated by the use of the Ci>ratsh e<nMBhriMl 
valve, both for the delivery valve and the air-pump btirket. though «l 
course in such case the equilibrium principle can only be applied ao br aa 
to dhnittirJt the force with which the valve shots, not to obviate k ah»> 
gcther. The equilibrium principle, if carried far, grestlT incicaata th( 
load upon the pump: and this is the objection to the Cornish practwe 

t)f Mfusrs. Maudslay's Siamese engine we have already givenaapreiata 
in titc plate of the steam frigate Retribution. Of this plan of mgise we 
cannot approve, and we think Messrs. MaiKlslay would act wisely bv giv* 
ing it lip in favour of some less precarious arrangemenL Ths fiianins 
plan involves an increased leakage, increased friction, and increased radi^ 

tion, while the grund purpose of direct action — saving of Txn$tr is only 

imperft>ctly fulfil led. Should either of the pi.stons leak steam, taorraver, 
or either of the stuffing boxes leak air, a twist must be given to the pani 
of the engine, such as would arise if there were more pr«a«are apim oas 
half of the piston than on the other. Such a strain cannot, in onr JodgMHt 
fail 10 he sooner or later injurious. The arrangement also involtoa (lat aar 
of a low condenser, which the air-pump cannot thoroughly drain, and Ife 
pitching of the vessel, by cau*ing the water to nm fW»m one end oif the ««•- 
denser to the other, sometimes causes the air-pump tn make on ine g i m a ri 
stroke, while at other limes the air-pump is choked with water, which h 
can only with difficulty deliver, and fractures occur in confequeoc«. 

A part of the objections which we have here enumerated applies |o tha 
engine*! of Messrs. Forrester and Co., as made for the Helen MacOr tfw r . 
We here transcribe an account of these engines from a nnideat and wtd 
written pamphlet, with which we have been furnished. 

" The engine, of which the following is a description, ia one of a bmv 
lately constructed by Messrs. George Forrester and Co. for the Helen me 
Gregor. Hull and Hamburg steamer. The collective power of th» raginr* 
is 220 horses', the tonnage of the boat Iwing 573. The engine* arc ^f t)» 
form usually denominated 'direct action;' and without uiakiug any com- 
parison between this and the variona other fonns of direct action snsiwa 
hitherto made (some of them possessing mnch that ia admirable ia ih> 
ingenuity of their arrangement and the compactness of their differmi MTttV 
I will endeavour piniiily to describe the constracfinn and priodple af the 
above nmued engine, and to state wherein I conceive its advantagca viQ le 
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fiiand, in practice, sA saiCable for Bea-g^)ing steamers. Tlie following sbort 
ftccount will Mrvc to explain the different working parts of the engine. 

" The engine consists of twoinvertt'd cylinders, standiTig npon four strong 
wrought-iron columns, which rest on, and are secured to, the foundation- 
plate, and which, pnssing through siiitahle bocae*, on the vides of the 
cylinders, snpport the ontnblatnrt!- plate and crank-pedestals above. The 
cylinders are placed 'athwart ships,' with their stnffing-boxes below them, 
and at sufficient height from the- bottom of the vessel to allow of the main 
croBS-bar, which connects together the two piston-rods, working the full 
length of its stroke below them : the stuffing-boxes are of double form, or, 
in onth«r words, they have a. apucc for packing both at top and botCAm, 
being furnished with self-acting oil-cups for lubricating the rods. The 
power is transmitted directly, fnim the main cross-bar below to the cranks 
above the cylinders, by the connL-cting-rod. The two piston-rods and (he 
connecting cross-bar are further secure*], and made to work unifomily 
together, by means of a strong vibrating frame of cast-iron, forming port of 
the parallel motion, and which, with the side-levers, serves also to work tke 
air-pump as well as the feed, bilge, aud brine pumps. 

" Elach cylinder is furnished with a separate slide-valve, which two are 
Connected together by a cross-bar common to both, being worked by the 
•ame eccentric motion. The object of thus dividing the valve is ti> shorten 
the lengths of the ' steam-ports,' the valves boius brought much closer up 
to the uce of their respective cylinders than would be the case if one only 
wer« oaed for both. The condenser is placed immediately underneath the 
•!ide- valve case, and the air-pump, foot, and discharge-^Tilves, are similar in 
construction to tlitise of the ordinary side-lever engines. The air-pump 
and condenser are connetfted together by a passage underneath the foundii- 
tion-plate. The waste water is disch.arged from the hot well by an over- 
flow-pipe through the side of the vessel. 

" 'Tbe application of two cylinders Co one engine, having their pision-ro'Ig 
eonn«cted together, was first introduced by Messrs. Maudslay and Field, of 
JLoodon, for marine purposes, and is descrilied in a patent taken out by 
them. The advantage of the use of two cylinders, instead of one of double 
the capacity, has been much 'Auctioned ; and, independently considered, 
«nch an arrangement would only seem at first sight to involve a useless 
eoraplexity of parts, but, when it is remembered that in using two cylindtrs 
tben may be considerable advantage derived from the simplification of the 
Kmaining part of the engine, their introrluctioa may Ix* regarded as a very 
valuable addition to the various improvements which the steaiu-eugine has 
fh)m time to time undergone. 

"Although it is hardly to be supposed that in engines of the largest class 
(here will ever be required a cylinder of larger dimensions than is praeli- 
e&hle to be constrttcted atl in one, yet it has been found in practice that 
there is considerable difficulty in making cylinders of very large diameter 
■a perfectly true as those of more moderate dimensions j and in regard to 
pistons, two of forty -eight or fifty inches diameter are stronger (upon the 
aame weight), and less liable to accident than one of double tbe area. The 
use of two cylinders to one engine enables the manufacturer to undertake 
tbe construction of engines of double the power, without incurring an in- 
creased outlay for new tools, and greatly increases the facility for repairs 
•I the government stations abroad, us there will rarely tie an instance of a 
cylinder, or other easting of the double cylinder engine, too largi! lo be 
constructed in a moderate-siized establishment. 

" The cylinders have loose covers ot each end, and from the tipper ends 
die pistons are accessible without the intervention of the piston-rods, so that 
then is double space for examining and adjusting Ihem witbnnt disturbing 
the lower covers, or disconnecting any of the working parts of the engine. 

"The elevated position of the cylinders entirely obviate.") tlie danger 
anrnctinies arising from water running over into the cylinders from the 
hoilert, as they are here at a brgher level than the water line, and an acci- 
dent from this cause cannot occur. The cylinders are also so much higher 
thiin the condensers, th.it they are kept perfectly free from water ia this 
rvspe^t — an advantage wtll Icnowu to engineers who have the charge of 
narine engines. 

" All the moving parts, as the pistnn-rods, cross-heads, &c. are below the 
water-line, audi, being the most vulnerable parts of the engine, are thns 
entirely out of the reach of shot, as in the steam-frigate, whilst from the 
cylinders, which are decidedly the strongest parts of the engine, nothing is 
tn be apprehended from this cause, as the construction of the engine is sut-h 
that, if even the outer cylinder were disabled, the other one could be kept at 
There is no projection above deck except the ordinary crank- 
ohes; and the crank and paddle-shafts are precisely siiuilor to those of 

' ordinary aide-lever engine. 

" The reduction of weight and space as compared with tbe ordinary engine 
is very great, and much additional room in the vessel is made available for 
cargo. The additional length of engine-roorei that would have been ncccs- 
eary if the ordinary beam -engines and common boilers had been used in the 
Helen Mac Oregt»r, in lieu of the improved engines and tubular boilers with 
which she is fitted, is 25 feet. .Annexed are a few of the principal 
dimensions of the Helen Mac Gregor's engines, &c : — (^^ylindcrs, 43 inches 
I diameter; length of stroke, 4 feet G inches: air-pump, a.ti i n eh es diameter; 
length of stroke, 2 feet 4^ inches; capacity of condenser, including passage 
to ait^pump, 44 cubic feet ; capacity of hot well, 3R cubic feet : wheel, 23 
feet 6 inches diameter to the outside of floats: number of revolutions, 23|: 
average pressure of steam in cylinder, 3[ lbs." 



Wc cannot say we can concur in nil we have here extracted; the pre- 
(errattoD of an engine from shot can scarcely, we conceive, be promoted 
by raising the cylinder above the water line ; and whatever weight may be 
attached to the argument in favour of double cylinders, on account of their 
more manageable dimensions, is likely to be rendered unavailing by the 
application of direct action engines to the screw, which, on account of the 
iacreased speed of piston, will at once diminish the existing dimensions. 
There is no doubt a reduction of weight and space accomplished by the 
double cylinder engine; but the question is, whether an eijual reduction is 
not accomplishable by engines which are not open to as weighty objections ? 
In our humble judgment, the oscillating and double cross-bead engines are 
both greatly preferable; and so we undertake to say it will be ruled by the 
supreme tribunal of public n^Hnion. 

The nature of the arranpemeni in the double cross-head engine will be 
made manifest by a reference to the engines of Messrs. Bury or Messrs. 
Fawcett. From the top of the piston-rod a cross-head and side-rods pro- 
ceed, as in side-lever engines ; and from the lower ends of these side-rods 
other side-rods ascend to a cross-head, situated above the other cross-head, 
and which, by means of a short nrm, communicates with the crank. Hy 
this expedient, the benefit of a long conntcting-rod is gained without the 
disadvantages incidental to the plans already meutioued. There is only one 
air-pump in Messrs. Bary's engine, but it is double-acting, so that, in effect, 
it is equal to two. A common objection to this description of pump isl 
that the air accumulates uuderneath the piston ; but a provision is made 
to counternct this tendency, — the hulk of the air-pump piston being made 
to travel pojit the port, so as to expel air as well as water. We may here 
remark, that it appears expedient in this engine to avoid injecting £Vom 
the bilge into the lower condenser, os coal-dust and other for^-ign matters 
might otherwise be drawn into the air-pump chamber, which would resist 
the descent of the piston, and probably occasion fracture. 

In Messrs. Fawcett's engine there are two air-pumps, whiel) are wrought 
by independent bell-cranks off a crank in the intermediate sbaf>. The in- 
ferior crosa-hcad is made in the form of a cross, from the ends of which 
four rods proceed to cross bars working vertically in guides on irach side 
of the cylinder. The effect of this arrangement is to bring the ccnlrL-s of the 
rods on each side of the cylinder into the same place, whereby the twist 
incidental to an overhanging pin is avoided. Messrs. Fawcett have, we 
understand, since this de&ign was made, mure nearly approximated to 
Messrs. Bury's arrangemeat ; and we believe their engines are likely to 
become a type which many will follow aud many more approve. 

The engines of the " Black Eagle " steam frigate, represented both in the 
plate of direct-action engines and in separate plates on a larger scale, have 
attracted much attention, as being the first specimen of oscillating engines 
applied to a large sea-goiug steamer. They do great credit to Messrs. 
Penn, both as regards tlie tieauty of their workmanship and the efficacy of 
their performance, and after an adequate trial, their operation has been 
found so .«tisfactory as to have induced the Admiralty to order more en- 
gines of the same kind. The oscillating engine is now coming into 
universal favour for marine engines when fitted with p.-iddle-wheels. 

The structure and mode of action of the oscillating engine are so well 
understood, that a slight explanation will suiiice to render the plates 
universally intelligible. The steam enters a belt on the cylinder, through 
the curved pipes adjacent to the ship^s sides, as figured in Plate XIX., in 
which the vessel is sectioned transversely. From this bell it pusses through 
the valve, by which means its distt^bution is regulated, and it escapes from 
the cylinder to the condenser, at the side of the belt opposite to that at 
which it entered. There are two air-pumps lying at an angle with the keeU 
as mny be reuiarked in Plate XVIIL ; aud they are both wrought by a 
single crauk in the intermediate shaft, the due position of the air-pump rods 
being maintained by means of guides. The slide-valves are provided with 
guides, and are wrought by means of on eccentric, id the tisual manner; but 
the eccentric rod is not attached immediately to the valve lever, hut to a 
curved transverse link, guided between the columns that support the shaft, 
and susceptible of a vertical motion. The cun'e of this link is designed to 
obviate the irregularity that would result otherwise from the cotiibined 
movement of the cylinder and ecctntric. The columns of the framing are 
of malleable iron ; and a malleable iron cross is introduced at each side of 
(he engine, to give the framing greater stiffness. The starting handles are 
80 situated as to be accessible from a sti^e situated near tbe level of the 
cylinder rovers ; and this stage is continued round the engine, so as to 
afford easy access to nil parts of it. There is nothing peculiar in the hot 
wells; they are Ixilted to the mouths of the air-pumps ; nnd rise, as usual, 
to a high elevation. The paddle-wheels of tbt- " Black Eaffk-" are of the 
feathering variety, something after the fashion of Morgan's, but greatly 
superior thereto in the details of their construction. These wheels have 
performed very satisfactorily, and are calculated, we think, to rescue fea- 
thering paddles from much of the discredit thrown upon them by the unskil- 
fulness of former manufucturers. Though the oscillating engine now 
commands the suffrages of all the most competent suthtvrities, it was for a 
long time regarded with but tittle favour ; and it required all tbe authority 
of Messrs. Penu's name and success to gain for it a trial in sea-going 
•vessels. One objection to its use was that the cylinder and stuffing-box 
would speedily become oval, on account of the pressure necessary <o com- 
municate motion to the cylinder. The existence of a tendency of this 
kind cannot t>e disputed ; but it is so small in amount as to be imperceptible 
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ia pnciice ; uid altboogh, after a lapie of years, it has been found that 
oscillating cylinders become tUghtly oval, yet the amount of eilipticity u, 
for the most part, actually leta thau ia found to exist in the cylinder! of 
coauBon aidO'lever tnginw, after the Eame extent of trioL This, indeed, 
HHu qwatiioa be cooaidered attentiTely. ia by no means inrprising ; fnr 
tha oamiaoa panOd motioD, if in the least degree out of adjustment, will 
exercise a mo*t serere pretanre npon the cylinder ; whereas the maximum 
prcMure that can be exerted on the oscillating plan is only that requiute 
to overcome the friction of the pivots on which the cylinder oscillates, and 
of which the amonnt is insignificant. Upon the stuffing-box, indeed, the 
teodciiey to wear oval may be more operatiTC; bu^ to counteract this ten- 
ieaer, it ii made of onuaoal depth, and a ven* sabstaatial brass bush is 
Sttta into its interior portion. The piston rod, moreover, is made of cast 
■ted and of extra size. With thete precautions, oscillating engines are 
flnutd to work, for a number of yean, without inconvenience fVom the 
canae* mentioned. 

Many naatical men, and tome engineen, have objected to oscillating 
mginw on account of the movement of the cylinder, which, they imagined, 
WMld beeoBe a formidable evil in the case of a vessel rolling heavily at 
aea. Thne objectors do not seem to haw remarked that the rolling of the 
cylinder is neidier dependent upon, nor proportionate to, the rolling of the 
(hip. but is regulated exclusively by the movement of the piston ; and it 
is di£Bcult to see why a mass of matter, in the form of a cylinder, should be 
more formidable or intractable in its movements than n similar quantity of 
matter in the form of a side lever, or in any other shape whatever. It has 
also been objected against the oscilhtting engine, that the eduction paaiagea 
are more tortuous than in common engines, so that the steam gets out of 
the cylinder less freely. We do not believe such to be the fact, if the 
comparison be made with the common run of marine engines ; and in 
practice, no diminution of efficacy from this caute is appreciable. The fact 
IS, all the objections that have been raised to the oscillating engine are 
merely hypothetical ; they are antictpationi of defects to be found out in 
large engines on the oscillating plan, and would probobiv be plausible 
enough to carry some weight, were it not the &ct. that they bare been 
completely controverted by experience. The remark, indeed, is heard 
Bometimes even yet, that the oscillating method may do very well for small 
eagines, but is of doubtful efficacy for large ones. But the dvfiaitioD of 
larie engines has been continually changed, to escape the contradiction ex- 
perience afforded, and that size is, in every case, decided to be large, which 
just exceeds the size of the oscillatiog engine last constructed. The 
RrooBda of this scepticism however, are now being fast contracted : and, 
lodaed, experience has now demolished every objection that theory had 
raised. Some persons have apprehended that it would be difficult in large 
oscillating engines to obtain sufficient surfigce of trunnion to prevent the 
trannions fVom heating ; yet we have never been able to learn that any 
beating of those bearings has been found to occur in practice, and it ap- 
pears probable that any Such disposition would be resisted by the cooling 
effect of the steam passing through them, which, though hot, is of greatly infe- 
rior tempenton to that of a hot bearing. It does not appear to us. however, 
that the tnmatons may not be made with any amount of surlace that is 
thought desirable, bnt we believe the propt^rtion adopted by Mutikrs. Peim 
will be fouiul adequate, and need not be increu8t^d. 

moTAToar zxcnss. 

Rotatorj engines are engines for obtaining a motion round an axis by 
tbe direct actioo of the steam, without involving the necessity of recipro- 
cation. Some of them operate on the principle of reaction, of which the 
/ELoloptle and the engines of Avery and others may be taken as specimens; 
others operate on the principle of impulse, as exemplified by the wheels of 
Branca, Corde, and Pilbrow ; a third kind trusts to the intervention of 
some liquid to produce the desired effect, as in the mercury engine of Watt 
and the wheel of .\monton; while in the fourth class the piston moves in 
a circle round the axis. It cannot be said that any one of the multitude of 
Ktatory engiites yet tried has been completely successful ; nevertheless, we 
are by no means of opinion that a good rotatory engine will never be dis- 
covered, but, on the contrary, believe that the reciprocatinjr engine will 
yet be superseded by a rotatory contrivance of a far simpler kind than any 

one now contemplates. Time will test the justice of this opinion It is, 

of course, impoadble that wc can give any enumeration, even, of the num- 
berless schemes for rotatory engines that have at various times been pro- 
jected, but We shall briefly describe a few nf those which have attracted 
tbe most attention. 

In Plate XX., entitled ** Projecu for Rotatory.Steam Engine*," /jr. I., is 
an engine with a revolving piston, contrived by Mr. Watt, who was the 
author nf several plans of rolatorr engines. One of these was the engine 
mentioned in page 1<S., as bating been moved by the force of steam acting 
in a cirenlar cumnel against a valve on the one side, and a column of mer- 
cury, or a heavy weight, on the other tide ; and the other engine was that 
raeoiioned in page 17., as having been of the form uf a decanter. In^ t. 
E is the cylinder, A tlM revolving piston. B a valve opening and shutting 
like a door, H the steam passage, and K the eduction passage leading to 
the ooodenser. The steam pressing between B and A forces A into refo- 
latioa, carrying with it the shaft D : and when the piston in iu revolution 
IMtti B, it forces it back in a recess and passes by, when B is again imme- 



diately forced out by the pressure of the steam behind iL Tbe defect of I 
engine is, that A strikes B very forcibly, so as materially to ii^iDe tbe 
machine. The leakage, moreover, is greater than in cotuaon agiaea. 
The plan has otten been revived with new modifications, but baa aevw 
realised a result equal to that reached by the reciprocating engtiUL 

Fiij. 2. and 3. is a representation of a rotatory engine, contrived hy Xr. 
Murdoch. £ E is a steam vessel, furnished with roUers A and B, ioo(fa«4 
into one another, and the ends of tlkC teeth are made steam tight, 
they rub against the steam vessel. C and D are the axes of the 
and//' the ends of the steam vessel, H the steam pipe^ K tbe edu 
r the ste.im valve, Q the condenser, R the air pnnp, and Z a cr 
which the air pump is wrought. I'be steam entering at H forre* 
toothed roUers round, in order to proceed towards the %-acaum at K.. Thers 
is much friction in this kind of engine, much leakage, and but a ssiat] 
power realised, in proportion to the size of the machine. Tbe same schenw 
is proposed for raising water in Lenpold's Theatrum Mschinorum of 1 7«^ ^ 
where it is called the Machina Pappenheimiana, and, indeed, in thnfi 
olden books devices are continnally met with which have been re-iniro^ij 
duced at a later time with great parade and pretension. There is a pr^ 
digious waste of iugcnuity in this re-iurention of tilings already invemrd 
before. The history of mecbauical device has yet to be written ; aod thtrw 
could be no task more useful than (hat of recording all known de* ices, m> 
as to establish a point from which invention might properly begin. 

Figi. 4, 5, 6, 7, and 8. repivscnt a rotatory engine, conlriveid bv Hon* 
blower, and Jig. 9. Carter's improvement upon it. The steam ia ><<i"tnn 4 
between two movable rectangiilar leaves, A and B, placed viihia a rjliaitor 
£ £ ; and these leaves bc-iog so provided with catches that they caaaA 
move back, the effect of the admission of steam between the leaves ia w 
force the foremost of them into revolution, ee, //, are the ends of tbe 
cylinder, A the steam pipe, h eduction pipe, DC the axes by which ' 
steam is admitted and discharged ; there are two steam vdves o. aad I 
exhaustion vulves b, in the )lat surfaces of A aod B. Tbe steam ia i 
aod the exbaiiKtion effected through the axes, which are nude boUow i 
purpose. MM.yJjT' Ii*-, are cinmjis lodged in the circular chaiiada »m,\ 
their cnnfiguration is such that they will turn round easily cooiqgh m< 
direction, but when forced in the other will jam, so that they : 
puq>05e of ratchet wheels. Similar clamps are situated within the boxes w* 
and v.v. .fiy- €•• and they are connected with the short double-ended tevrn 
11/ and N N, affixed to the shafts, la Jig. 9. M M are the clamps p ruptid 
by Carter, HH being the circular box as before, the ends of the lever N K, 
against which the chimps act, ore eccentric to the box, so that ibey jam 
when N X moves ia tbe directi<iu of the arrows ; pp are springs by which 
the clamps are carried round with the leaves- So soon as the moving 
piston comes round to tbe position occupied by the stationary piston, the 
stationary piston by a reversal of the valves moves on, and the moving 
piston becomes stationary, and so on continually. ^«^ 

Another rotatory engine, designed by Homblower, ia represented hs 
Jig*. 183, 194, and 185., and consists of a steam vessel made ofc^ 
iron, of the form of a globe, flattened at the poles. Fig. 193. is a repre> 
sentation of the ports of the machine which move round within the steam 
vessel. a.ndjig. 184. represents the interior of ^17. 183., with its lid removed. 
The pipe A, Jig. 183., receives the Meam from the boiler, to which ia con- 
nected a valve-box, of any usual construction, by which to regnlue ibe 
admission of tteom. At It the eduction pipe is connected, le*dizig from 
the upper apartment to the condensing apparatus, and taming ia aoeli a 
directiuu OS may he most convenient for the discharging pomp to b» 
wrought by the axle of the engine. DD is a middle part of ttur steam 
vessel, furnished with flnnges for the purpose of screwing it to EE, aad 
also for receiving the lid ; by which means tbe partition within is s et ai ed 
to its place in the middle of the machine; and the lid may easily be rr> 
moved for the purpose nf rectifying and repairing the istenid etnacticnk 
G is the square part of one end of the axis of the machine, over wbich to 
placed a gland H, divided into parts, in order that it may be out on ever 
the square, and property embrace the round part of the axis. Wiiluia llua 
gland w a stuffing-box. f<ir the purpose of keeping the axle botb air aad 
steam tight. In one side of the lower apartment of the steam vcaad is a 
small opening, secured by a lid, for the purpose of cleaning that part tt 
the machine. 

Fig. 184. represents the partition within the steam vessel, which may be 
made either of brass or iroit. or of both those metals combined. B B ia the 
lower flange, the upper ;>art being taken away. CC are the two opcai^i 
or passages for the vanes : the»e the inventor calls vane-ports i aad to 
reach a right conception of their figure, it may be exptamed, that the 
largest vane-port is formed by the exterior portions of two cooes, and by a 
portion of the concave part of a sphere. The extent of this 
throughout must at least be equal to ninety degrees of a circle. 1 
vanes must be of a sufficient width for two of them always to 
entrance into the vane-ports before the other two make their exit, 
edge may, therefore, be supposed to descend into the lower apartment 1 
half of iu depth, and to rise the other half to meet the eye. The pan B is 
formed spherically, and is provided «i(h a packing-gmove, which mesfis 
the edge of metal in the middle of the vanes. FF is the mats axle 
of the machine, as well as tlie descending vane, by which means bntb lib* 
nave and the vanes move steam-tight in their revolutions. V \' V V m that 
part of the partition which forma a plane at the axis of the glob^ aad ia 




•fcOTcd in its place by being Beated in a nibb^ with the nsaal jointing 
tttAtehals on the mterior margin of the itcam Tesael. Tw j) brasses, G G, aw 
let down into the partition, and they are raised or deprcMtKl by screTts, as 
'»cca«ion may require. The open vnne exhibits a frame of metal, which 
receires a plate on each side ; these plates, with the edge of metal, K, cast 
with the frame, form grooves and vacuities to receive the packing. 

Mr. Samuel Clegg's patent for a rotatory engine la represented in 
figt. 186. 187, and 188. 

Fiff. 186. is the under side of acircdar piece of cast-iron, andofadiameter 
and thickness proportioned to the siiu of the engine. I is the common 
centre of the different circles shown on this piece. With any convenient 
radius less tlian that of \ A. describe the circle CC, and within the latter 
the circles DI.> and EE, the radius of the latter being the least of those 
now named. From the uses of these parts, which will be immediately de- 
scribed, an idea of their relative dimensions will readily be iuferred. Let 
that pert of the surface A B, A B which is contained between the circles A 
and C, be plain. Uetween the circles C and D sink a circular groove CD 
of any given depth; and between the circles D and E let another circular 
groove be cnt, of the breadth D E, and of any given depth less than that of 
the groove CD. Let the remaining part of the surface AB, namely, that 
inclnded between E and B, be cot down to any depth less than the depth 
of the groove D E. Into the groove C D let such a number of segments of 
a circle be fitted as shall form a complete circle, excepting the space at L, 
which is occupied by adjusting screws or springs, to keep the segments 
close together. The segment-s are the breadth (or nearly) of the groove 
C D, and of a depth less than tliat of the groove C D. Those sides of them 
which apply to each other are to be ground together plain, and air-tight if 
posAible. Their under-surfaces, which are shown in jij. ISG., are to be flat, 
*o that the whole may form one complete plain surface, excepting ihe space 
before mentioned, which is taken up by adjusting screws or springs L, 
which screws or springs are placed so far below the Eur&cc as to let a 
roller pass by them, which will be mentioned hereafter. 

Fi<?. 187. represents a vertical section of the plate and grooves of ^3. 1 Sfi., 
resting upon a circular chamber or hollow space, Y Y, to which chamber the 
aaid plate forms a light covering, excepting that space occupied by springs 
or screws. LL. as before mentioned. L the centre of all the grooves and 
circlet before described, is also the centre of the shaft. On the ihaA I ia 



fastened a plate or conpling Z, in which is inserted a bar, F. This bar may 
be of any given breadth, but in depth mast be less than that to which the 
circle E B was cut below thestuface A B. To this bar is attached a wheel 
or roller, O, shown in J%r. 188. The manner in which tt is attached to the 
bar F is also there seen, and it is so attached to it that the top of the wheel 
or roller, G shall always be higher than the top of the bar F. The wheel 
G, being attached to the bar F, will, when the bar is made to revolve, de- 
scribe a circular path H H H, along the plain surface of the segments before 
described, c, is Uie condenser, a the alr-pamp, b the air-piunp bucket, i 



184 



VarUtkt fif the Steam En /fine. 



the hot well, t the root-valve,//" lie cam which works the air-pump, and r 
> roller reeling thereupon. Let that portion of the plain surface of each 
aeginent, wliich aiuwera to the path of the roller O, be rounded off in such 
a manner as to make that portion of the surface nu arc of a circle, the con- 
Tex circamference of which is presented to the roller G. In fit/. 1 88., at K, 
is shown a perpendicular view of one of the segments, rounded off in the 
manner described, and presenting its convex circumference to the roller G. 
There uiar, likewise, be another roller attached to tlie bar behind it, to 
lower down the segments in the same manner in which they arc raised by 
the first roller. Now it is obvions, all the said segments being in their 
places in the groove C D,/iy. 18$., that the roller G, in performing a revolu- 
tioa round tlie centre I, must travel along a series of convex arcs of circles 
«qval in number to the number of segments in the groove C l>. The groove 
DE is, in fuct, a recess in the deeper groove CD, and may, if necessary, 
he filled with hemp or tallow, or any other material, which may answer the 
purpose intended It must be remembered that fy. 186. is a view of the 
onder side of the machinery. Fig. 187. is a section of it, snpposed to be in 
its proper position, resting as a cover to the circular chamber Y V, and the 
Sfgrnents resting upon a flat Cacing 00. Ejch segment prujecr* over the 
facing 00 OD hoth sides ; their projection on one side completes the cover 
over the hollow chamber, and the other is the ronnded surface for the roller 
to lift them. Thi> facing OO is exactly, or as nearly as can be, level with 
the under side of the pbtte A B A B, when the plate is on its place, as re- 
presented uijuj. isr. ; so that, when the segments are all in their places, they 
complete the si>micircular chamber, and fit so close on their seats and in 
tlie groove, tliat were the chamber to be filled with any elastic fluid, Ihey 
would prevent its escape, or nearly, excepting where the space is left for 
the springs or adjusting screws. The use of these segments, which are 
what the patentee claims at hi* tHventifm, is as follows: — Conceive a door 
or valve to he (tited in the hoUow chamber at Q, and a piston, R. likewise 
fitted in the chamber so as to move round in it, and the bar F made fast to 
the piston, on the side and in the manner represented in fit. 1 B^J. : then, if an 
elastic fluid of sufficient strength enter!) the chamber at N, it will press 
equally against the door-valve and the piston ; hut the door or valve being 
immovable, and the piston movable, the piston will be propelled forward 
in the circular chamber by the elastic fluid. The bar F being fastened to 
the piston, and the roller G to the bar F, in the manner represented in 
/ig. 188. i and the roller being in motion with the bar and piston, the ruik-r 
will lift the segments in succession as it comes in contact with them. The 
segments before the bar, heing by this means lifted, allow the bar to pass; 
and the ofieratiun being the same in all, the bar and piston muke a com- 
plete revolution. Each segment, as soon as the bar leaves it, falls don'n by 
Its own gravity, or by springs, or any other contrivance, so that the open- 
ing which is made for the bar to pass is closed before the elastic fluid 
reaches it; the elastic fluid being kept from the opening by (he inner 
breadth of the piston exceeding the outer diameter of each segment. The 
door or valve is lifted out of the way of the pinton, when the piston comes 
in contact with it, into the opening in the plate at N, a recess being made 
in tlut segment which is opposite the door for that purpose; during which 
time the elastic fluid is shut out, but it enters again when the door returns 
to its seat, and thus the operation continues. There is much ingenoity in 
this conirivaitce: the pnnciple on which the bar is enabled to pass the 
aeginvntii is nearly identical with that introduced hy Mr. Clegg into the 
•tmcNpheric railway, for enablmg the piston within the pipe to be joined 
on to the carriages outside. 

Our next example is Mr. Turner's rotatory engine, patented in 1B16. 
Fi(l. 18'J. is a plan of the engine, represented so as to show the internal strnr- 
ture. /^i^^. 190. is another plan. /''ipi. I91.and 193. are sections, taken ihroogh 
the axis of the engine in different directioiu. A A, H B, CC, is the cylinder, 
or external case of the engine, made in two or more parts, which are 
fastened together with screws, so as to form a circular or annular passage, the 
transverse section of which is likewise circular, as shown at E £, Ji^. 191. 
and 19:1. The piston F.fig. 18'J.,is accurately fitted into thiscircular passage, 
and is caused to revolve therein by the pressure of the steam, which is ap- 
plied behind it, or on the side F, whilst a racaom is made before it, or on 
the side G. The piston being connected with a central plate G, which is 
fixed fast upon the axis or shaft II, the said shaft is put in motion; and by 
wheel-work I, or any machinery which is beat adapted, the power of the 
engine is oonununicatcd to any useful pnrpoees to which it ia intended to be 
applied. The means by which the force of itean is made to produce the 
tfHtMory motion is as follow* : — Two valrea or sliders, K and L, are ap- 
plied at the opposite sides of the annular paangv or cylinder EE, in the 
manner represented in,^<;«. 180. and 191. The edge of the central plate G, 
which has the projecting arm to communicate with the piston, must be made 
so that they can be made to shut up the passage of the cylinder £ E, as repre- 
sented at I>. and prevent the passage of the steam through the some, or the 
slider may he opened, as shown by the dotted lines, to allow the piston F 
to pass freely through the cylinder. This is done by moving it sideways on 
its centre 3. out of the cylinder, into the box or case >l. which is provided 
for its reception. The sliders are put in motion by a comnmnicntion from 
the outside of the engine, so that each one shall begin to open as soon as 
the piston F approscbea it, and shall be completely opened whilst the piston 
passes by, and that it shall then descend again upon its seat N 0,fi^. 189. 
usd 19t., arc two passages, through each of which the steam is idtemately 
iAtrodac«d azut witbdt«wa from the cylinder. The two paasag«s are placed 
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on opposite Kides of the centre of the engine, and arc provided with valves 
or rocks, which are adapted to be opened and shut by the action of the 
machinery in «nch succession, that when steam is entering from the boiler 
into the cylinder at one passage, it shall be going out into the open air, or 
to the condenser, at the opposite passage. The mechanism which actuates 
the slides K L, and the mechanism wbitli opens the valves for the admission 
imd exhaostion of the steam through the passageji N and O, act in concert 
with each other, and in unison with the motion of the piston F; so that, as 
■oon as possible after the piston has passed by the seat of a slider, the slider 
alwll be lowered down into its place ready to close the passage of the cy- 
linder behind the piston. The instant the piston has passed by the next 
opening, the steam is admitted to flow through it. and act between the slider 
and the piston, to force the piston forwards in the cylinder by its expansive 
fbrce. 

To explain the action of the engine more clearly, suppose the parts in the 
position in fig. 189.; the slider L is shut, and the steam is flowmg, tbroagti 
the passage t >, into the space between the slider L and the piston F ; at ibe 
same time the passage N is open to the condenser, tn eihausl the steam 
from the remaining part of the cylinder, and to remove the pressure from 
the front side O, of the pisloo- In cnu«eqacuce, the pressure of the steam 
acting behind the piston F, puts it in niution in the direction of the arrow, 
and drives the arm of the central plute before it The slider K, is 
now in the act of opening, and by the time the projecting part of the plate 
G arrives at iw seal, it will be quite open into the box M, where it will re- 
main until the piston F baa passed by its seat ; it then begins to descend, 
and by the time the piston arrives at the opening of the passage N, the 
aiider K will be completely shut and stop the cylinder. The instant the 
piston has passed over the opening of the passage N, the steam v;i|ves are 
changed by the machinery, so as to admit the cteam into the pa!>sage K, and 
also to allow the steam to pais away, through the other passage O, (o the 
condenser ; in consequence, the stenro enters the space between N and K, and 
tfaos, being behind the piston, drives it still forwards towards the slider L, 
which immediately begins to rise by the action of the machinery-, and as soon 
as the projecting part G r>f the central plate approaches it, it will have re- 
treated into the Ixix M, leaviBg the cyliuder fi-ee forthe passage of the piston. 
Immediately after the piston has passed, the slider L descends again, and 
gets settled to its place by the time the piston arrives at the opening O ; 
and the instant the piston has passed ovi-r this opening, the steam valves 
are changed again; so that the steam will he admitted at O, behind the 
piston, and act between the slider L and the back of the pi.ston, to force it 
forwards, which is the same position represented in the figure. By this 
meana the pressure of the steam is always made to act Whind the piston, 
and the vacutun is maintained before it The sliders K and L are put 
in motion by levers 9 and 10, which are fitted on the ontsides of the boxes 
H, but move upon the same centre pins 3, as the sliders move upon within- 
aide the boxes, the levers being forked, as shown in the figure, to reach on 
each side of the boxes ; and the centre pins 3 pass through the sides of the 
boxes, and also through both forks of the levers 9, lt>, but d<i not turn 
round in the holes. To commtuiicate motion from the levers at the out- 
ndc* of the boxes to the valves withinside, curved rods, 11, 11, are carried 
from the levers through the sides of the boxes M, and jointed to the arm 
of the sliders ; stuffing boxes are fortni-d round the rods to make tight 
fittings where they pass through the sides of the boxes M. The ends of 
the levers, 9, 10, are made to be included in an eccentric groove or rein, 
Z Y, fixed to the central axis II. The form of this is showo in fiij. 190., and 
ta such as to hold the sliders shut, except during the time that it is neces- 
•ary to lift up the same to allow the piston to pass by. To make the 
■lidert fit steam-tight when they are shut, tht-y are made rather larger 
than the diameter nf the cylinder, and arc received in grooves made round 
ID the inside, and the valves are ground against one of the faces of each 
of these grooves, so that they will fit tight withoat any packing. The 
piston is made of several segments put together, with springs behind them, 
to throw them out against the inside surface of the cylinder, and it is thus 
made tight without any packing of hemp. 

We now come to the patent of Mr. Joseph Eve, taken ont in 1825. Fig. 
193. presents an end section ; fig. 194. a longitudinal section of this engine. 
**aa are the cylinder and cone, revolving in contact in opposite directions, 
Ihe cone having one groove, and being one third of the diameter of the 
cylinder, which latter has three wings or pistons v c c, the ends of which, 
as they revolve, touch the oater case e, and do not admit any steam to pass 
The steam is admitted through the pipe/ and acting on the wing r, causes 
the cylinder to revolve until the said wing passes the pipe if. when the 
Tolume of steam hidped between each two wings, is allowed to escape. 
The wing, which has thus passed, falls into the groove d of the cone, 
the bottom of which groove it touches in passing, thus allowing no steam 
to escape between. The said wing c then passes again by the steam pipe 
f. and is acted upon as before described, and so on in rotation. The 
ejlinder a, which is firmly fixed 1o its axis A, rests on one side on the 
outer case t, through which the axis projects ; hut as there is some friction 
prodnced by the revolution of the cylinder at its two ends touching 
the outer case, a false end h h, is placed under the opposite end of 
the cylinder, which false end slides on the axis i freely, and has a 
thread cot at the end, by means of which, and the adjtiBting nut t, 
the cylinder, if worn at the two ends, can be easily tightened and ad- 
justed. The adjusting nut ia confined by the collar k, which collar is 



screwed to the outer ease. The eoaieal shape of the small ninner, which 
can likewise be moved upwards or downwards in the onter cose, serves to 
keep the two convex surfaces of the cylinder and cone in contact. The 
groove d, in the conical runner, is cut into a separate piece of metaJ, which 
slides by an ai^usting screw o, np and down : so that when the engine 
is adjusted, the groove d, on the piece of metal, into which the said groove 
is cut, can be moved up and down, so as to fit the whigs of the cylinder. 
Letters n n, in^jf. 194.. represent two cog wheels mnni&g into each other, 
attached on the out<!ide of the engine to die axis of the cylinder and cone, 
placed there for the purpose of producing a corresponding revolution of 
the said cylinder and cone, thus causing the groove of the cone to present 
itself regularly to the winga of the cylinder ; o, is a pinion fixed to the 
other end of the axis, by means of which any machinery can be put into 
motion. 



Fig. 193. 
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Another variety of steam engine on this principle is slmvn by an end 
section view infi^. 197., and an external view in fig. 198. This engine has a 
C)' Under with two small conical runners on each side, the said conical 
nmners being of the same construclinn as before described, with one groove 
cut into each, and being one third of the diameter Of the cylinder. There 
are two induction and two eduction steam pipes; and although Ihe engine 
may be, with the exception of the addition of one of the conical runners, 
exactly of the same size as the one first described, a doubte ijiiantity of 
steam is requisite, and twice the power of the former engine is gained : 
the steam enters through the pipe/o, and acts on the wing r, which, after 
having pnssed the pipe 170, where the steam escapes, falls into ilie groove 
c£,of (he lower cone, aiifl appearing at the induction steam pipe /A, is loaded 
again with steam pressure, which it discharges at the second eduction pipe 
go, and then entci^ the groove of ihe upper cone, which having passed, it 
is loaded again at Ihe first-mentioned in<Iueti<in pii>e. letters mm, are 
bridges, by which the spindles or axes Ai A. are supported. This engine 
has three cogwheels n n n, attached to the three spindles, so as to cause 
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the cylinder and ronns to revolye in unison, and, like the first-described 
wigine, hai > pinion o, on the oppoft'tte end of the axiii of the cylinder. 
Fiy. 199. showR an end section, fy. 200. > longitudinal nection, and 
fU/.iOl. the exterior of another form of thU engine, in which there are two 
nillt-r*. The conical runners, in thi« cnae, are of an equal leagth and 
diameier, each has two wing* or pisiooa attached, aiid two grooTes cut into 
it, and iu reroWinfr in opposite directions, the wing of one runner &U» 
alternately into the groove of the other. The steam enters hy pipe f, and 
M the cyUndera are running in contact, it cannot escape between thini, hut 
•et* upon the two win^ in opposite direction!, and t-scapos at the eduction 
pipe ij, after the said wings have pasaed the anme. By referfnce to yiy 2<M>., 
which represents a longitudinal section, it will be seen that the two cooes 
have each two false ends A/^*^uling freely on their spindles ; the two outer 
OMM e«, fltovcr the runner* and their wings exactly j each of the four false 
CBda hat an adjuntin^ nut, hy which (be engine is tightened if steam should 
aaeqie, or shickened if it should run too tight. Each pair of the false end*. 
where they Join, hare a plate that connects them and breaks thiir joints, so 
Mto prrirest an escapo of steam ; this plate h, slides bio the groove r, cut out 
of the false cmls. as exhibited hy Jig. 195. and Jiff. IOC, the former showing 
an end view of the false ends with the connecting plate in the middle. On 
iheae false enda packing rings, pgy, which are confint^ to the iliding plate, 
■a exhibited in the latter figfure, are pUced. Theae rings pr«M against the 
hollow otttrr cases, and prevent any steam escaping by them. These pack- 
ing rbgs are shown in wctioD, in^y ^^' '' "'" ^ evident that the faUe 
end* need ni>t \w made true, if the connecting plates and packing rings, as 
•twv* deacribed, be adopted, and that the engine, if provided with move- 
able &be ends, conical mnners, and the afore-described connecting plates, 
utd packing nngi attached, at shown in^. 800., can always be kept £U'am- 
tijht. and by use the variona parta, on which there ia any friction, will fit 
better." 

Fi'j. 202. is Beale's rotatory engine, in which the steam ia admitted on the 
one side of an eccentric frame, armed with rollers, which serve the place of 
pHtooai ad the eeatrifugal force is reckoned capable of k<.f ping (he rollers 
■piilllt th* interior of the cylinder. .4n engine upon this plan has been 
pBt iMO K atoam vessel, bat its sncceas has not been snch aa to induce iia 
man extended adoption. 

J*!*. WS. b the engine apeeifiad in the last patent of the Earl of Dtin- 
do««d. and which has been JatradbctHl in the «tfani frigate " Janus." It 
ia not very correctly repreanited in the accompanying sketch, which ia 
copied from the rough drawing given in his specification. This plan very 
much reaeBblea that contrived by Watt, eicept that an ecc<-ntrie is sub- 
ititMed fbr I leaC and a ball and socket joint is introduced in order to 
•MbU the Meiai and exhaustion doors tx» mnke a steam-tight junction with 
tke eecentric. Thi* contrivance haa not aa yet realised any great auceeaa, 
md the prrrailinir optnioB amonj; engineen appears to be. that it will not 
asperaede ordinary enginee. Sunilu- vnginea bare been tried on many 
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former occasioni. bat they have been always fbnnd to involve either a i 
inons amount of leakage, or snch a degree of friction as to make the | 
impoRsiMe in practice. These difficulties will probably be abated 
resources of workmaniihip increase ; but Uicy exist at the prevent timr. Ml 
have provfd fatal to nearly the whole tribe of rotatory enginca. 

The following i-i the description of Mr. Peter Dorrie'e nOtUHJ aa> 
gine, represented in one of the engravings. The letten is ai] Cht 
figtires refer to similar parts. Fig. I. is a tranavene aectioa, ihroogb tb 
centre of the cylinder : Jig. 2. a longitudinal iectioa of the engine ; Jif. X 
a transverse section through the centre of the air punp, and ahowiag M 
end elevation of tlie other parta ; Jig. 4. a side elevation of th« engiH i ami 
Jig. 5. a ground plan. A ii> the foundation plate, to which all the putt «f 
the engine are directly or indirectly attached. B is the external cyliadrr, 
fixed to the foundation plate. C u a smaller cylinder, revolTlag within 
the externa] one. on a shaft D, whose centre b placed to fhr ahore th« rf 
the external cylinder, that their circumferences may touch one aaether rt 
the upp«.r point h'. Thus the space between them gradually Iwrifassa ftaa 
A< to the lower point h'. The shaft D paseea through at««ni*Ci^t atuflw 
boxes in the cylinder ends, and revolves in beariitga na the fViwn Zl 
which are firmly bolted to the foundation plate, and stayed to the cy l faA f . 
E E arc two sliding pistons, consisting eoch of two arma, oooaected tofitbs' 
by four rods pausing over the shaft : their breadth ia wful to that of tW 
outer cylinder, and their joint length over their cstremitice ia neeeaahl; 
somewhat less than its diameter, oi\ ing to the eccentricity of the i e* g li i ni 
cylinder : thesf pistons slide freely nt rieht angles to one anothce. ihiMP 
passages made iu the circonifcreDce of the revolving cylinder, the& dUi^ 
motion being caused by the pressure of one of their extreoiltiea on ih* 
ascending side nf the outer cylinder, (whichever side that nay br,) ■a' 
the eccentricity of the revolving cylinder through which they alide. A» 
their length is always slightly varjing during the courw" of a revJat*"- 
the diffen^nce is nude up by metallic packing, placed t e f ee a Iha tws 
thickncMes of pbtes of wliieh the arms of the pistoOi ■neoofand: (kr 
packing is pressed by springs toward the tides and otroaaJhnaer ^ ^ 
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Miter cytlader, asd will be understood bj referring to Ji^. I and 3. oo the 
dnwing. There are metallic pnokiDgs in the passage* in the inner cylin- 
der throngh which the pistons slide, which are pressed on the flat surfaces 
of the pintoDS by springs, and prevent the steam passing to the interior. 
There are also two steel rulh'rs ol the inside of the packings, which are 
pressed up to the flat sides of ihe pistons by screws ; these ure for the pur- 
pose of diminishing the frictioa of their sliding motion. These rollers 
would not be necessary excepting in large engines. The rim of the inner 
cylinder is made to project into metallic packing boxes in the cylinder 
ends ; tbos the steam is entirely prevealed from passing into the interior of 
the inner cylinder ; a packing box is also placed at the point of contact A', 
.to prevent the steam passing to either side. It will therefore be nnder- 
Mood, that the steam only acts on the projecting part of the sliding pistons, 
between the inner and outer cylinders. The steam in coming from the 
boUnr, through the steam pipe F, has first to pais the slide G, which is 
worked by the handle n ;^ it is used for regulating the speed of the engine, 
and also for stopping it, when required. After passing the above slide, it 
enters the steam-tight jacket J, tin- bottom of which is the slide face having 
the fonr cylinder ports, K, L, M, and N, and the eduction port Q on it. 
A slide O worked by a handle P passes over these ports for the purpose of 
rereniag the motion of the engine. There are two ports O' and O* on the 
alide, one of whicli, O- in the position the slide is shown on the drawing, 
is open to the steam port L, the port N is closed, and the two ports M and 
K »re open to the ednctiotiport Q, so that when the slide is in this position. 
the engine will necessarily move in the direction indicated by the arrows, 
and by moving the slide along until the port O' is above the steam port K, 
then will the port M be closed, and N and L open to eduction, so that Ihe 
steam will act at the opposite side of the cylinder, and consequently the 
motion be reversed. The lower cylinder ports M and N are never used for 
admitting steam, hnt only for leading off the eduction ; the object in placing 
them so low in the cylinder is to allow the vacnum to act upon Ihe pistons 
aooner. From the relative position of the two cylinders, the distance be- 
tween their circtmiferences gradually increasing irom contact at the upper 
point A', to the greatest distance at the lower point /i* (which in this case 
is one sixth of the diameter of the external cylinder, but may be varied 
according to circumstances), it will be seen that in wbntever direction the 
engine revolves, the area of that part of the pistons which is acted on by 
■team and vacuum gradually increases, to that the principle of expansion is 
carried ont, without the use of expansion gear. The steam passing thrangh 
the eduction passage Q is condacted by the eduction pipe R to the condenser 
S. T, is the injection slide, placed it the lower end of the ednction pipe, 
■nd conducting the water up the pip^i so as to act fully on the steam in 
passing downward* : it is worked hy a lever and rod connected to the 
handle U, which is placed in proximity with the other starting handles II 
and P. V, is the blow through valve. W is the air pump, which is a double- 
acting one, the interior arrangement of its valve, &c. is shown at /iV/. 3 ; it 
has a metallic packing piston, which is worked from the main shaft by a 
crank and connecting rod, and the piston rod is kept parallel by two slide 
guides bolted on thn nir pump rtivcr. X is the hot well, and Y the dis- 
charge passage. The pumps ore worked from the main shaft by an eccen- 
tric C, connected by rod and lever to a rocking shaft d. on which are keyed 
two levers e and /*, which are connected by rods to the pumi» tf and li ; the 
pump ff is intentJed for the bilge water (supposing this to be a marine en- 
gine), and the jiump h for feeding the boilers; the latter has its valve chest 
J, bolted on the hot well. 

The drawing represents an engine with outside cylinder, .T ft 6 in. dia- 
meter, and 1 ft. G iu. long ; and internal cylinder, 2 11 1 1 in. diameter. 
The steam is supposed to be at SO lbs. pressure above the atmosphere, and 
the vacuum in the condenser to be 12 lbs. per si|unre inch. From these 
data, the projector calculates that, at a speed of 50 revolutions per minute. 
allowing 10 per cent for friction, the engine will raise l.gTS.-tOO lbs., 1 foot 
high per minute, with a consomption of *36 cnbic feet of water, in the shape 
of steam. We do not altogether understand the very long cnkutulion by 
which Mr, Borrie arrives at this result ; but, from somewhat simpler com- 
potations of our own, we believe he is tiot far wrong in bis computation, 
which mokes this engine one of about GO horse power. As it is admitted, 
that u common low pressure condensing Boalton and Watt engine requires 
about three times the qumility of steam for thi* same power, the patentee 
arrives at the conclusion that his engine will save two thirds of the coats 
COOStuned by the ordinary engines. Several considerations prevent ni ao- 
qiueacing in this. In estimating the quantity of steam used in n Ronlton 
and Watt engine, 37 per cent, is allowed for friction, leakage, &c., besides 
one twelfth more for filling the passages, slide valves, &c. In Mr. Borrie's 
estimate of the powers of his own engine, he allows only to per cent, for 
friction, and nothing at all for steam wasted in filling passages. Then, 
again, there can be no fair coniparisoo between a high pressure condensing 
aad expansive engine, with steam at 30 lbs. on the inch, and expanding! to 
above twice its original volume, and a low pressure non-expansive engine. 
BIr. Joseph Wood's patent rotatory engine, which is figured in one of 
the plates, consists of the following principal ports : — the revolving parts 
consist of an axle passing through a circular disc plate and boll, whicli plate 
and boll are termed the diaphragm of the engine. These are flnnly fixed 
on the main driving sh.nft at right angles tn its axis of motion. The disc 
plate; and consequoDtly the axle, tias also attached to it a piston oscillating 
towards each end, in a line with the main axle, and passing through a slot- 
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hole formed in the diaphragm from its centre to its circumference. This 
diaphragm or disc plate is furnished with a channel or way, passing down- 
waids from each side of the slut cut through it for the piston-to pass, and 
this way or channel cxtcndri through the liiill, where one way or channel 
turns to the right and the other to the left, and emerging from the said ball, 
continues as a channel formed on the axle to the admission and exhauslion 
chambers respectively. 

The stationary parts in this naodiSeation of the engine consist of two 
conical surfaces or side-pieces, inclosed in a spherical case in such a man- 
ner that one portion of each side of each cone shall be perpendicular to the 
axle of the machine, and in contact with the revolving diaphragm on its 
opposite sides, and also on the opposite sides of the axle; and, moreover, 
where the portion of one side of the diaphragm is in contact with one cone, 
it has the opposite cone at its greatest distance. The apex of each cone is, 
however, removed and cupped so as to fit the centre ball of the diaphragm 
before mentioned ; and that part of each cone in contact with the diaphragm 
and its ball is consequently subject to wear by friction, and is made of a 
sepanite piece of suitable metallic packing, and adjusted by springs or other 
mechaoicaf means. 

In this modilicBtion of the machine the spherical case continues all ronnd 
the cones (excepting where it is pierced for the axle to pass through), and 
the cones are hollowed otit to form chambers for the admission and dis- 
persion of the steam or other fluid, the direction of which is altered by a 
valve for reversing the induction nnd eduction apertures. 

The cones being placed as described, within the spherical case, a space is 
left between them, which is divided into two equal parts by the diaphragm 
before mentioned, the diaphragm being in light contact with the spherical 
case throughout its periphery, and atone point of each cone and its central 
cup ; and each iiidejieiident space between Ihe diaphragm and the cones 
will present the form of a dotible wedge, jointed at the bose, at that part 
where the cones are furthest fnm the diaphragm. If the actuating fluid 
were introduced into one half of the space, it would tend to press the dia- 
phragm into the opposite one, nnd to tnakc this power available, a piston is 
introduced of the form or section of tlie entire space, at right angles to the 
diaphragm, which piston oscillates from the centre of the axle, through the 
slot or opening in the diaphragm before mentioned, so as to slide over the 
sides of each cone as the space on either side of the piston increases or 
decreases. Further, the actuating fluid is conveyed through the axle and 
diaphragm by the pipe or channel before mentioned, and impinges imme- 
diately on the piston (except when used expansively) throughout the entire 
revolution of the piston, diaphragm, nnd axle, all of which move simul- 
taneously. Just before the pisluu pusses the culminating line of eonlnct of 
the diuptirogm and cone, the exhausted Auid is ltt>erated and pusses through 
the slot-hole and second or exhaust passage of the diaphragm into a con- 
denser or otherwise, whereby one side of the piston is constantly exposed 
to pressure, and its opposite side to the vacuum or atmosphere. 

Fig. I. is a longitudinal section of the machine, taken vertically, the 
piston being removed. Fiff. 2. is a transverse vertical section, taken through 
the centre of the mucbine, the diaphragm and piston being removed. Fig. 3, 
is another longitudinal vertical section, showing the cones in plan, or as 
they would appear in the engine ; and the diaphragm nnd piston, iu the 
situation they would be in after making a quarter of a revolution, from the 
situation shown iajty. 1. Fiif. 4. is a detached plan view of the diaphragm 
and section of axte and part of the piston. Fi(fx, 3, 6, and 7. are partial 
views, showing the details of the piston, and its attachment tn the axle and 
diaphragm. Fig. 8. is an end elevation of the engine. Fit/. 9. is a front 
elevntinn of the same. The letters refer to the same parts in each figure. 
B is the main axle of the machine, and on it is firmly fixed the diaphragm 
and ball A ; and wiikin the diaphragm, through the hall, and nn the 
surface of the axle, are the steam passages a a, commencing at the slot : C 
is the body of the piston, and is keye<l into the small shuft N, passing 
through the centre of the axle and diaphragm, which small shaft is adjusted 
ami mounted by means of screws tit the ends, so us to permit a partial re- 
volution on its axis. This small shaft or pin convevs the pressure imme- 
diately from the piston to the axle B, and is extended as far as possible, fo 
inereose the h.i8e and insure steadiness of action. The piston consists of its 
body part C, which incloses a packing piece O, pressed up against the 
spherical case E, by a spring, and currying on each of its sides a rounded 
part, on which P, the side packing of the piston, swivels to adapt its nib- 
bing surfiace to the inclined planes of the cones DD. as shown in,^<;. ■'i.,and 
these packings .are kept tight by the same spring xs that which elevates 
Ihe parking O, this effect being consequent on the shape of the packing 
piece O- The toil-pieces shown at 0' (fy. 6.) are the ports of the packing 
iti contact with the cups of the cones ; jip ure two pieces for packing be- 
tween the bottom of tlie piston and the sides of a bole in the axle in which 
it osclllales. 

Infii. R. the amount of liberty or space allowed for the oscillation of the 
piston is shown. The periphery of the dinphrngm is rendered tight by 
two rings of metal LL {Jiff. I.), fortned with an inclination on the sides 
which »re in contoct with the diaphrngm. nnd vertical on the others, which 
are in contact with the channel in the spherical case E ; and these are 
pressed into contact with both surfaces by a coiled spring, or other me- 
chanical means. MM are rollers moving with the diaphragm, to assist in 
steadying its motion and equilibrium, and are kept apart by distoiice pieces 
m, m, m, which may be dispensed with, if desiretL 
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The cone* an lettered D. uid the pocking of the culminating lines, and 
also of the cnpped cavity, are ihown at K, and are preued forward against 
the diaphragm b^ ipringi A, or other mechanical means. 

E is the sphencal case, constructed in this instance in two pieces, and 
joined together bjr means of flanges, bolts, and nats ; and has a cliannel cot 
out for the periphery of the diaphragm and its packing L to revolve in -, and 
also to contain the rollers M M, as before mentioned. < is a port of this 
case, and contains the stolBiig boxos R R, to prevent the escape of steam 
from around the axle. 

F F are the adraiasioti or ezhaiut ehantbers before mentioned, contained 
between the back of the cooes D and the case E ; and a pipe or passage yy 
proccvds fmm each of these to a oonunoa slide-valve (t ; and when the 
action of the engine is required to be reversed, the valve is moved by a 
handle, so as to direct the current entering from the pipe H to either side 
of the piston, attd at the same time opens the opposite aide of the piston to 
the exit pipe I. 
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Fi^. 204. is a rotatory engine invented by Mr. Yule of Glasgow, and 
he has had it in operation working smoothly for ^me years. It consists of 
a cylinder C. in which upon the axis A, revolves another eccentric cylin- 
der R, fitting tightly by means of packing at the line of contact D is a 
diaphragm, which slides vertically in Btrong guides and rests opon the 
upper side of the revolving piston B. The steam is admitted by either of 
the pipes S' 8^, according to the direction the engine is intended to revolve 
in, the slide valves at the lower end of the steam pipes being regulated 
accordingly. E is the eduction pipe. In the figure the steam is represented 
as entering by the steam-pipe S', the valve of which covers the eduction 
port, and admits the steam to press opon the diaphragm D, and the piston 
B. The steam from the pipe 8', is at the same time shnt off, and the 
eduction on that side of the piiiton opened, and there being nothing to 
coonterbalaaoe the pressure of the steam oo the tAhet side of tbe pialoo, 
and the diaphragm being incapable of any lateral movement, the piatoo B 
u mode to revolve in the direction of the eduction port If motion in the 
contrary direction be desired, it is only necesaary to reverie the valves. 

MTe have already referred in page a. lo the rotatory engine, contrived by 
Mr. Pilhmw, which connsts of a wheel reaemblin^ h smsiM overshot water- 
wheel, against which steam is projected, as in i3ranca's engine. An engine 
of a similar kiixl ha* lately bei'n bnxight forward by Mr. Corde, but we 
have not been able bi learn that it has met with any success in practice. 
TlMoe enginea operate by the impubiive action of the steam, and although 
■ma ia uooiiig tnm an orifice imparts a momentum to its particles equi- 
valent to the Bceliaaieal effect realized by a pressure engine, yet the re- 
covery of th« powOT iaapliea a velocity of rotation cnch as cannot be attained 
in pracrioe with cooveQienoe. Mr. Pilbrow seems to imagine that be 
reaUaes sume occult ^mwera by thk fhrm of engine, and that by the use of 
a ecnoin form of cavity be doable* the power; but no form of cavity can 
gntlXl ttam the steam a greater power thaq there is in it, and the form of 
m^lT (aoDOt diminish the loss and inconveni«ice incidental to the great 
▼deotjp wiA which the auchine requires to more. In spite of these 
doihoH, howevor, we tUak lomething wtU one day omne of this principle : 
and we therefore hen set down some extracts from Mr. Pilbrow 's patent. 



which will show the considerations by which he was swayed in the4etigtl 
which we have referred : 

" The properties of steam have hitherto bee.n considered of tlHt Dttate 
nature as to reader it impossible to obtain its fUi power aod extreme di(« 
from expansion, except by using it according to the present system ; Ite 
is, by letting it into a hot and close cylinder on a piston, and stopitiag ia 
further entrance by cutting it off, tu allow it to expand. Peeling, howenr, 
a BtTung conviction that the whole power was to be obtained by aooK most 
simple means than the present costly, complicated, and pasdertHi ■» 
cbinery, and that a power so easily raised need not K- s*> IshnriiiMll 
applied, I undertook a long series of experiments to discover boo iha 
might be done. I first commenced on the most simple fbm of MfiM 
known to us, that of Hero's, and ascertained the true causes of hs loss «f 
power ; and found, afier many inventions to obtain from this simple 'MS't iif* 
the full power and duty from expansion, that, though I coold oudsidoakly 
increase its power by a spiral form of arm, yet that I could Mt "*lrT Iht 
whole duly from expansion; and, consequently, that an eagiaa Ol Ah 
priiK-iplL> could never l>e brought to compote with Mr. Watt'a eaadcniH 
engine. The failure, however, of my plans to obtain these residt^ ^ciw2 
to me the remarkable fhct, that a current of steam in rapid moOOB— iWl 
is, issuing from an orifice — loses, almost entirely for piactieal (Wmh 
that power from lateral expansion which it possesses vh«D cat Jtmi 
allowed to expand in a cylinder. When I had cottfirmed this {Asa^ 
menon by other experiments, I was sstlsfied that stesm piisssssisl sa » 
pulsive power of the utmost efficiency, entirely different from what hal 
ever been supposed ; for, its full expansive force not being given out latcrsUi, 
must have gone somewhere ; and, as it could only «s|)and in the line of ai 
issue, I became acquainted with ibis new and singular property of asMb 
that it possessed, in its mere velocity alone, a propulsive force from its UaasI 
expansibility equal ia power and duty to the gross effect obtained whfliM 
off and allowed to expand tinder the best circuaostsooea. I ha^ aea Is 
tranamit this new principle of steam power to Diachinery, with lim l«— 
possible loss from friction and other deductions, by some engine as simalta 
the principle ; and this 1 supplied as herciiuifter (described. Hsvii^ Ma4 
however, that there is as great a difference in the duty of stcaoB, bjr As 
peculiar manner in which it is applied by its velocity, as is fooitd ia sAv 
in the application of water, I shall first describe a few experiment*, hviag 
some of those which led to my invention, to show the accuracy reuoind 
The operation of Barker's mill, and of Hero's cmissioa caigiiK, ■ wdl 
known ; and though there is no resemblance betwese their Bsoriag powoi 
— the one acting by gravity, the other by repulnon — there saenu to be t 
strict analogy between tlieir results, proportioned to the power szid ftUxltj 
of each ; so thsU, whether water or steam be used in the following rsfe- 
nments. the modes of action being similar, the operation and directioa ^ 
the arm will be the same: and it will be seen hereafter, that I ofataia. 
by my application of the velocity of steam, the some duly ilicrefrom as • 
obtained by the best overshot water-wheel — namely, a dear svatlskte 
effect of about two-thirds at least of the whole power of the stean emploTCd ( 
that is, two-thirds of its power and of its extreme duly fhw aspHtMa ; 
the steam being expanded, in my application of it, so low as the It' i ir^ l t r 
in high-pressure engines, and to the vapour-point, or state of Cdoamsf 
vacuum, in condensing engines ; degrees of attenuation which eaaaM W 
obtained by the present system, on account of the piston. 

" When arms on Hero's principle are used in the usual way, the aima w{| 
revolve by unbalanced preumre : but when a flat plate is attached !■■» 
diately before the orilice, the steam will impinge therecin, oad, bdac bssksi 
up, will ctiange its course as therein represented, and the arm wiO bscoat 
Btalionary, showing that the force of impingement equals that of nahalaaorf 
prefisure. If, however, a cavity be fixed, instead of the plate. oppooMe th( 
orifice, at such an angle that the injet of steam can be returned by it* rv- 
oction clear of the nrm, without impinging thereon, the arm will rrvojvw 
in the contrary direction to that of the previous nnbalanocd preasafc, wiA 
more power than that with which it revolve<l the contrary way ptwias 
to the cavity being fixed thereon ; proving that the cavity ikk oaly NieiisaA 
the same amount of impiagement as the flat plate received (which WM skswk 
to be St least equal to the unbalanced pressure), but by this pe«aliar ia^H 
and reaction or reissue of the steam, its whole velocity was arrtMttd, and ths 
cavity thus acquired anotlier power of equal amount, BaffldeBt to OMercoais 
the effect of unbalanced pressure only. Bnt if the steam, oo sis reissw «r 
reaction from the cavity, is permitted to impinge st all »K«*ttf1 ths arahlkr 
ami will then only revolve in the opposite direction, with powerdiBaiAii 
in proportion to the amount of such impingement ; and if all the stama sa 
its reisstie or reaction from the cavity is allowed, by altering the taA sf 
the cavity, to strike fully against the arm, the arm wiU then reaiaio sMDoHiy 
as when the flat plate was used. 

" When t had discovered how this double power was to be ohtiiaal If 
arresting and transferring the whole velocity of the steam by saek pocate 
injet, and its clear reaction or reissue, and bow its full effect migbl he taa* 
paired or wholly neutralised, as just described, t found myself paaaesaai sf 
s new method of applying the p<iwer of steam by its velocity sleas ; laA 
this became the germ or principle of my impmrements in the steam eagias -, 
for, to carry it out, I had only to invent such machinery as woold fr*« ms 
this double power in the same direction of motion, without dedacttoa te 
the imbalanced pressure in the experimental ami, to counteraeC tke Ml 
effiKt of the whole force of the velocity, and also without hasof aaaw 
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from another source — that of ray back-action or impingement of steam 
against the harka of the cavity next in saccc'Ksion, The folloiring, there- 
fore, it a description of the engine or apparatus by which I iirofiose to 
effect these objects : — 

" It iaa section of a case, with awheel fitting within, about half an inch all 
round, and revolting within the case. This case, for a high -pressure en- 
gine, may be made of cast or sheet-iron, of snitable thiekne&s to resist the 
precture of the atmosphere caused by a partial vacuum from the rapid 
■etioa of the steam wheel. The whole of the inside should be made per- 
feetlj smooth, to prevent friction of the used steam when k re-issnea from 
the caritiet. For a coodensiog engine the case must be made strong 
enough to resist the atiiiosphi.'ric pressure. At those parts where the jets 
of steam are admitted, several cavities are made with or attached to the 
inside circumference of the case, for the purpose of receivtug the used 
■team, and returuiug the same into the cavities of the steam wheel ; and 
where a double row of cavities are used niund the steam wheel, the rows 
of cavities in the case must be revtTSed aecordingly. These cavities in 
the case must be placed in such a positinQ to the cavities of the steam wheel 
tbu, on the used steum isi>uing tberi-frnm and rushing into the cavities nf 
the ease, it may be returned tlierefVom into the cavities on the steam wheel 
mt the same angle as that at which the steam &nt issued from the jet-pipes, 
mnd the tuted steam will then, as the wheel rcvolvtis, be thrown out at the 
eduction passage. 

*" The periphery of the steam wheel is formed by a series of cavities all 
round of the same dimensions, for the reception of one or more jeta of 
steam. The size of the cavities in the wheel is three quarters of an inch 
deep, by one and a half long, and half an inch wide." 

The method adopted to determine the best vekwity is this ; The velocity 
with which steam at 601bs. pressure above the atmosphere rushes through 
an orifice i* kuown esperimentallv to be about HH,490 feet per minute. 
The difference between this and the velocity of the periphery of the 
wheel gives the velocity of impact of the steam on the cavities of the 
steam wheel, and the power or pressure exerted on the wheel, being pro- 
portional to the square of the velocity of impact, the powf r of the engine 
can be calculated for various velocities of the wheel Mr. Pilbrow has 
dose this, and iinds that '^the greatest results ar« obtained when the wheel 
tives at precisely one third of the velocity of the steam, or 34,830 feet 
r minute." 

7f have now given sufBciently copious extracts from Mr. Pilbrow's 
iifieation to explain the principal features of his new engine. In 
tice Mr. Pilbniw has not been able to make his engine succeed, and 
wr do not believe that, by the plan proposed, he will be able to make a 
gond. durable, and economical engine. He has not yet, at least, proved 
that his engine will realise nearly the powtr he anticipates from it. To 
Biake a few experimeni« on the force of impact of a jet of steam ou sur- 
I at nest, and from that to theorise on the mechanical effect of steam 
ing into and rebounding fVom cavities in rapid motion ; — to calculate 
f Telocity of impact on one surface, and of reboond from another, as if it 
wiere a solid and perfectly elastic body, whose laws of motion nre exactly 
known, is a method of proceeding that con only lead to error, or at least 
can never bring lu with certainty to the truth. We agree with Mr. 
Pilbrow, that the whole power r>f the steam is expended in giving velocity 
to its own particles, and, theoretically speaking, the same power ought to 
be extractibte from them. In Mr. Pilbrow's engine, however, we hare 
aeen that the periphery of the wheel is to move with one third of the 
velocity of the steam, leaving only two thirds of the velocity to produce 
mechanical power. Now, .^Ir. Pilbrow himaelf says, that the mechanical 
power produced is proportional to the square of the velocity of impact, and 
the square of ) is ^, or scarcely one-half. So that here is fully one- 
half of the whole mechanical effect dissipated at once: but this is not oil; 
fbr when the steam strikes ilic [lenphery of the wheel, with two-thinls of 
hs actual velocity, it must, by the laws of elastic bodies, rebfjund with the 
same velocity from the wheel ; that is, it will rebound with on actual 
Telocity of one-third, while the wheel moves in the opposite direction with 
an e^tial velocity. There is, therefore, this velocity of one-third of its 
original velocity still remaining in the steam, and uncxlracUHi after impact. 
One-third of the velocity corresponds to one-ninth of the nuehanical effect 
This, then-fiire, is also lost. We believe, indeed, thjit in the later modili- 
caCions of the plan, it has been Mr. Pilbrow's object to have the steam re- 
flected from the wheel, at a velocity equal to that of the wheel's rdtation, so 
(bat it will, in effect, be brought to a state of rest ; and professor Mosel}' lias 
made a number of calculations 4o show that there is no loss of power if 
this condition be fulfilled. Hut the condition implies that the particles of 
steam are perfectly elastic, which is uncertain, and involves the necessity 
of the wheel moving with half the speed of the effluent steam, which is 
impossible in practice. A velocity of one-third of (hat of the steam, vis. 
34,830 feet per minute, at the periphery is .'t,!*)!) revolution.* per minute, — a 
velocity sufficient to make the engine fly to pieces. Mr. Pilbrow himself 
could not avoid seeing this objection, and accordingly he has attempted to 
prescribe a remedy. He proposes to make the wheel go slower, by which 
mean" the steam will rebound from its periphery with a correspondingly 
greater velocity, and is to be mdde to impinge on a cavity in the case 
similar to those in the wheel. From this it will again rebound, and strike 
the wheel, and again be returned to another cavity in the case, and thence 



once more impinge on the wheel These alternate saltations fhim the 
wheel to the cose, and from the case to the wheel, are to be continued till 
the velocity of the steam has been entirely expended in imparting power 
to the wheel- We believe few persons will be able to refrain from a smile, 
when they contemplate the steam performing these fantastic gyrations. 
We suspect that it will be more apt to take one loagjump to the exhausting 
port, and make its way off the stage as quickly as possible, instead of stop- 
ping to complete so many ingenious evolutions. It is but justice to Mr. 
Pilbrow to say, that he is very doubtful of the success of this port of his 
plan. His having ventured to projiose it at all is a strong proof to us that 
he felt very strongly the force of our objection to the cuormoos velocity 
propcjsed to be given to his steam wheel. 

Sudi, then, is a slender specimen of the rotatory engines which have at 
varions times been projected for the anpercession of the cylinder engine : 
many of them display much ingenuity, and, indeed, on no single subject 
perhaps has so much ingenuity been expended : nevertheless, np to the 
present time, no rotatory engine has been contrived which can be esteemed 
prefeniblc to the common engine. We have already expressed our con- 
viction that this will not be always so; but we believe an efficient rotatory 
engine must be sought rather among dynamical than statical resoureet. 
Pilbrow's engine, though it has weighty faults, is a movement in the right 
direction, and an engine on the impiiUe principle [H'rmils the benefit due to 
expansive action to be realised. From engines of the vEloptle class a 
beneficial result is hardly to be expected, at least if made in the ordinary 
metho<l ; fur by sueb engines there must be a loss of effect if the steam 
leaves the revolving orm with a greater velocity than that with which the 
arm moves, and this, unless by a combinaticMi of .^lUopihn, it mnst do at ail 
ordinary pressures and speeds. 



AMERICAN ENCINEa. 

The engines made in America are for the most part of a very ntde and 
primitive description; jet the perfonnaace of the American steam vessels 
is sueh as to make them fully a match in point of speed to the best steam 
vessels of English constnictiou. Their efficient performance is partly 
perhaps due to the high presumre of steam employed, and |>artly to the 
peculiarities of American river navigation, which are such as to enable a 
large siied vessel to subsist with a very moderate draft of water. On the 
Mississippi and its tribatories most of the engines employed are of the high 
pressure kind : a hundred pounds u|>on the square inch is esteemed a 
moderate pressure, and sometimes the pressnre is raised as high as a bun* 
dred and fifty pounds on the inch. The engines employed in the vciaela 
on the Hudson are for the most part condensing engines. Some of them 
have bori/ontal or inclined cylinders ; in other cases the cylinder is placed 
above the shaft, with side-rods extending tnta the ends of a cylinder cross- 
head to cranks on the shaft beneath; while in a third variety a beam is 
employed as in the ordinary land rotative engine. Sometimes two engines 
arc employed ; but very oHcn only one, the crank being carried over the 
centre by the momentum of the vessel. A few sets of engines for steam 
vessels have been made in America after English examples, and some of 
these specimens, which have come under our observation, are highly credit- 
able performances; but most of the engines made in the country are of the 
quality and complexion of that of the North America. We subjoin a view 
of the machinery of that vessel ; and we may here set down a few of the 
chief dimensions. — Diameter of cylinder, 4^ inches; length of stroke, 11 
fL; length of keel, 200 ft. ; breadth of beam, 35 ft; diameter of paddle 
wheel, 27 ft ; length of float, 10 ft ; dip of float, 27 in. ; pressure of steam, 
3(t lbs. 

The framing of this engine is of timber: the working beam consists of a 
cast-iron skeleton frame trussed with wrought iron v and the crank and 
connecting-rod are both trussed with malleable iron ri>ds. The beam is 
very short in proportion to the length of the stroke, and the place of the 
parallel motion is supplied by guides, the piston-rod being coupled to the 
beam by a long link, to enable the guides to operate efficiently. The 
several pieces composing the wooden framework which support* the crank 
shaft are keyed together with wooden key«, and bound with iron knees and 
pUtes of iron, to make the whole stiff and firm. Tlie valves arc double 
spindle valves, bo that they are kept in equilibrium : this valve has the 
disadvantage that the valve-spindle expands more than the valve-casing, 
both from its higher temperattire and the greater eK{kansibilily of the 
metal. Such valves, therefore, though tight when cold, will not be tight 
when hot. The cut off or expansion valve consists of a disc turning on a 
centre, like the ihnjtUe valve, and set in the steam-pipe, which it ex- 
actly fills when closed : in the rest of the engine there is little that is pecn- 
liar. The trussed beam might, it appears to us. he adopted with advantage 
in all large beam engines iu this country, as it is not merely lighter than 
the cast-iron beams commonly used, but stronger and more safe. The 
trussing of the crank and coonecling-rod we look upon as superfluous; and 
it mu-st be difficult when they are trussed to keep those parts clean. 

In many of the .American steamers the engines and boilers are placed 
upon the deck, and beneath the deck a sakxin extends the whole length of 
the vessel, for the accommodation of passengers. Most of these saloons 
are magnificently fitted up: many of them are upwards of 150ft long, 20 ft 
wide, and 13 ft. high; and the accommodaliona are in every respect nuiat 
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eotnplew and commodiooB. The paddle-wheeli are g<enenilt]r cotirely con- 
■traeted of wood, with the esceplion of the centres, to which the arms are 
boiled, sod which ore of cast-iron. The usual number of MTokec per 
tninale, with an 1 1 ft. itroke, is from 35 to 27, so that the pistoo travels &t 
■ preat Telocity. In the vessels on the MiBsissippi the paddles are made 
with a dutch or friction-strap, so that they may be thrown out of gear, and 
the engines may be turned ro as to feed the boilers whto the vessel is 
alongside a wharf, without movinj^ the paddle-wheels. The steam vessels 
plying on the Mississippi are chiefly built at Pittsburg and Cincbnati: 
these vessels are much iuferior to those plying from New York to Alhauj^ 
■nd to Providence ; and they are managed in the most reckless manner. 
Mr. Stevenson, speaking of one of these vessels, says, '* She was steered 
close in-sbore amongst stones and stumps of trees, where she lay for some 
hours to take in goods : the additional weight increased her draught of 
water, and caused her to heel a good deul; and when her engines were put 
In motion, she actually crawltd into deep water on her paddle-wheels: the 
steam had been got up to an enormous pressure, to enable her to get off, 
and the volume of steam discharged from the e»ca;>eme[it-pipe at every 
half stroke of the piston made a sharp sound, almost like the discharge of 
fire-arms, while every timber in the vessel seemed to tremble." The 
numerous explosions of boilers on the Mississippi cannot excite a.'rtonish- 
ment amid such provocations as that here narrated. The Iwikrs are not 
calculated to withstand any very high pressure, even when new. Of the 
best form of American boiler we have given an example in page .'i6; such 
a boiler would not be considered safe in this country with a greater pres- 
sore than 10 or 12 lbs. ou the inch. 



THE LOCOMOTIVE EKOtNB. 

The whole of the engines we have yet described at any length are con- 
denting engine* — the steam, after having urged the piston to liie end of its 
travel, escaping into the condenser, where, by the abstraction 'of beat, it is 
reduced again to the form of water. The locomotive engine, however, is 
not of the condensing, but of the high pressure kind, the steam escaping, 
after having given motion to the piston, into the atmosphi.-re. We have 
already explained that tliere is a loss of effect incidental to the use of the 
high pressure engine, but it would be mast inconvenient to carry the large 
quantity of water a locomotive would rciiuire for condcnsution, and the 
rtuih of waste steam acts beneficially by blowing the lire; so that in this 
esse to obviate the loss of effect incidental to the umissiou of condeasation 
would involve the introduction of greater evils. 

The locomotive engine of Messrs. Bury, Curtis, and Kennedy is a very 
complete and elegant piece of mechanism; and we may here give an ez- 
plananon of the several parts of the merchandise engine of these eminent 
aaakera, which is represented in detail in Plote 23. Fig. 1. is a sectional 
elevation ; fiy. 2. is a sectional plan, rr being the principol line of section 
on whichy^, 1. is shown ; Jig. 3, is a transverse section through the suiuke- 
box. The same letters of reference are used throughout all the figures ; 
and to render them more explicit, several parts are shown which do not 
properly come into view on the lines of section. A is the fire-box : it is 
made of wrought iron 2 of an inch thick, except the tube-plute, which is 
half an inch thick, fbe joints are welded wherever ihey are in contact 
with the burning fuel, as a rivcttcd joint, from its presenting a double 
thickness of metal, will not long resist the intense heat to which it is ex- 
posed. The fire-box is of a cylindrical form, with its back flattened to 
receive the ends of the tubes: (he top is hemispherical, surmounted by a 
small dome, into which t^e upper end of the steam-pipe is carried, to ob- 
viate priming. B are the fire-tubes, of which there are 96, 2 in. diameter, 
and 9 ft. long. It will be seen, from the transverse section, that the tubes 
are so disposed as to concentrate the heat towards their centre, with ihe 
view of making a current from the outside of the tubes, where the water 
is colder, towards the bottom of the tubes, whence it will rise when heated 
up among the tabes. Partly for this reason, and also to prevent the tubes 
from being uncovered by tJje centrifugal recession of the water when the 
engine is travelling upon »harp curves, the upper row of tubes follows a 
circular sweep, the highest point being in the centre of the engine. 

C. ts the tmoke-box. D. The regulator. £. The steam-pipe, 3J inches 
diameter. F. The safety-valve and spring pressure-gauge, 2^ inches 
diameter. G. The locked-up safety-valve, '2\ inches diameter. H. The 
damper. I. The buffer-bar. J. Tlie steam-whistle. L. The steam-cylinders, 
l:» inches diameter, 18 inches stroke. M. The force-pumps, plunger 2 
iitches diameter. 1 9 inches stroke. N. The cranked axle ; the journals 
an S inches diameter, and 7 inches long -. the bearing oT each crank is 
U inches diameter and ■')] inches loug. O. The connecting-rods, ovul- 
saapedt S inches by aj. P. The axle of the front wheels, *\ inches dia- 
■Mer. Q, The springs. The springs for the cranked axle are coin|)osed 
of 16 platea, together 4.) inches deep at the centre; those for the front axle 
are eomnosed of I » plates, together Sjj inches deep at the centre, a a. are the 
■tcam-ptstons of gun- metal : the packing oonsists of two rings of cast- 
iron segments, forced outwards by brass wedges and steel springs. Tht 
piston-rods are 3 inches diameter, b b. are the inlet passages for the steam, 
U X 6^ inches, r. The nutlet passages for the steam, 1} x Clinches, d. 
The slide valves, d'. The slide-valve rods, 1 inch diameter, t. The pen- 




dulum-rods for carry ing the ends of the eccentric rods, /. The shaft to which 
the eccentric levers are fixed, g. The shaft connecting the motion of the 
lever A, and the rod i, to the shaft. A. The guides for the piston-rods. 
I. Steadying pieces for the guides. / Shaft carrying the steadying pieces. 
k I. The rods for moving the slide-valves, h' f. The levers of the hand- 
gear. «. The shaft carrying the valve trappings, n. The lever for 
working the valves, n\ The lever worked by the eccentrics, p. The 
eccentrics for the retrograde motion, q. The eccentrics for the advancing 
motion, r. The pipes (2 inches diameter) connecting the force-pumps 
with the tender. ». The cock for letting the water out of the boilers, 
I. The rods (1| inch diameter) for coupling together the front wheels and 
the driving-wheels, u i.s a lend plug, placed at the culminant point of the 
dome-shajwd top, and which will melt before any other part of the fire-box 
is left drj-. 

The framing of this engine is thai which has been so long used by 
Messrs. Bury, and which is known as the inside fhiming. Mr. Bury claims 
for the inside framing a great superiority over the outside, on the ground 
that it forms a stronger connection between (he cylinder, crank axle, and 
other moving parts, and bears all strains and concussions without throwing 
any of them u[jon the boiler. The following is Mr. Bury's comparison Ih> 
tween the inside and outside framings : — 

" The advantages of the inside bearing arc best described by comparing 
it with the ordinary outside framing when submitted to the principal strains 
which it has to resist. The most important is that caused by the whole 
power of the engine acting as a direct strain upon the crank as it pttMS 
over either centre. With the inside framing, the centre line of the eon- 
necting rod is only 10 inches distant from the centre line of the ftamc, 
and the total distance between the bearings is 43^ inches ; but when the 
framing is outside the wheels, these dimensions are necessarily 20 inches 
and 72 inches respectively, and the effect of the strain upon the crank in 
this case would be to its effect with the inside framing as 14 is to 8. For 
this reason, when the principal frame is placed outside the wheels, it be- 
comes necessary to have an odditional inside framing, to prevent the iVic- 
tion of the axle ; these additional inside ftvmes not only cause an increase 
of friction on the bearings of the cranked axle, hot also throw a consider- 
able strain on the boiler, which then becomes the medium of connection be- 
tween the inside and outside frames, the inside frames being fixed at one 
end to the bottom of the smoke-box, and at the other end to the fire-box ; 
while the principal frame is attsched by long brackets to the body of the 
holler. The fact that the use of four additional inside frames occasions six 
bearings on the axle (that axle being only (i fret long), renders the system 
of principal outside framings so objeclionable, that that circumstance alone 
should suffice to cause their rejection ; for it is well known to practical men 
that it is impossible to key so many bearings perfectly true, and to maintain 
them so, when the engioe is working ; and even if this precision were at- 
tained, the aggregate friction on the four inside and the two outside bear- 
ings would be much greater than when it is all thrown upon two bearings; 
because, in the first place, all the friction due lo Ihe weight of the boiler it 
home by the two outside bearings alone, and that which results from the 
pressure of the steam, through the medium of the connecting-rod, is thrown 
upon the four io&ide bearings : the pressure upon the outside bearings is 
vertical, and the mean pressure upon the inside bearings is nearly horixon- 
tal. So that if, instead of acting separately, these two amounts of pressure 
were thrown on the same bearings, the friction would only be due to the 
resultant of the pressures, and would consequently be much reduced. The 
fnclioD on the cranked axle, having only two bearings, as, where o single 
inside frame is used, will be, under ortlinary circumstances, that due to the 
resultant of the vertical and horizontal pressures, or. 
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In addition to the friction restdting from these forces, there is a consider- 
able pressure on the bearings, arising from the tightness of the brusH-s ; 
and it is evident that the friction arising from this cause will be three tinica 
gj-eater with six than with two bearings. Another important feature is Ihe 
«train to which locomotive engines are liable, from the pressing or striking 
of the flanges of the wheels against the rail when travelling in a curve. In 
engines with the bearing inside the wheeU, the weight of the boiler has a 
tendency to bend the axle down in the centre : while the pressure of the 
flange against the rait acts upon it in a contrary direction, and thus une 
strain counteracts the effect of the other. If the bearing is outside the 
wheel, the weight of the Iwiler tends to bend the axle upwards, and a strain 
upon the flange of the wheel acts in the same direction, and in addition 
lo it," 

The position of Ihe bearings inside the wheels is of great practical ad- 
vantage in case of the fracture of the cranked axle, as the weight on the 
bearings presses the ffange of the wheel against the rsit, and assists the 
length of the journal in keeping it from being thrown off the rail Insloncci 
liave occurred on the I^mdon and Birmingham Railway, when an axle haa 
broken, that not only have the wheels remained on the rails, but the driver 
has been enabled to proceed with the train to the nearest station, llie 
stiffness of the single inside framing is not only a remedy against the ex- 
cessive wear and tear which is couM-qnent on a less perfect union between 
the parts of the engine, but its simplicity allows the whole machinery to Ih* 
arranged in a more compact form, and constructed with greater aoUditf . 
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The best proof of the soundnea o£ the doctrinn here put fbrth is the fact 
that ioside framings haTc now become oearly univenaL Mr. Bury prefers 
four-whe«le<l to six-wheeled engines, and adduces many w«ighty reaaotia iu 
joitification of the preference : the circunutances of the case, however, may 
be altered by the exigvncics arising out of the demand for a higher rate of 
speed; for engines of the power reiiuisite to maintain that speed may be too 
heavy for the rails of existing lines, unless supported by a greater number 
of wheels : bat iu such a case it appears better to chungv the plan of engine 
altogether, to the end that the four wheels may be stiU retained. 

The locomotive engine of Messrs. R. Stephenson and Co., represented 
in PUtte 84h differs in many respects fh>m that of Messrs. Bury and Co. It 
is Aimished with six wheels, and the two middle wheels, which are coupled 
to the wheels behind them, are divested of their flanges, so that the engine 
may he better able to adapt iuelf tu curves. The &re-box is c^uare, and 
the water space between it and the outside shell is securely stayed, by 
means of bolts tapped into the plates, and rivctted over at the ends. The 
plate we have ^ven will readily be understood by the aid of the foUowiag 
references ; — 

A A is the iteam dome. A' is the fire-box, which is square, with a flat 
top. according to Messrs. Stephenson's osual practice. A" is the fonl-plaie, 
for the engineer to stand upon when working the engine. B B is the amoke- 
box. B' is the chimney, which is broken to save room. C is the boikr. E 
is the blast pipe. G G are the cylinders. H is the piston. K is the crank axle. 
I is the eccentric rod for reversing one engine, and I' is the eccentric rod 
for reversing the other. Id, N, are the jaws of the eccentric gab. O is 
the eccentric gab. Q is the ttartiog and reversing lever. Q' is the folcrum 
of the lever. 8 is a wide-mouthed pipe, carried up into the steam dome, to 
obviate priming. 8' is the chest in which is placed the stop- valve or re- 
gulator. S" is (he steam pipe carried through the boiler, and S'" Is the short 
vertieal steam pipe passing through the smoke-box to the cylinders. T is 
a cross stay between the piston guides, which serves as a guide for the 
Talve spinmes. U is the ctiok upon the feed-pipe where it enters the boiler, 
y Y is the framing, aa are the water spaces roond the fire-box, strength- 
ened with Btaya a'a' is the fire-grate, a" oT are the fire-tubes, dd are two 
safety-valves placed upon the steam dome, and loaded by spring balances. 
<r if the whistle, e is the eduction port, g is the crank of one engine, and 
^ that of the other. A A is the piston rod. A' is the connecting rod. A" A" 
are the guide blocks of piston cross-head, i is the eccentric rod of one 
enj^ne for going ahead, and i' that of the other engine. // are the links 
ooanecting the drawing and the hind wheels, m, n, are the jaws of the ec- 
centric gab for advancing, p i& the feed-pump of which p' \% the plunger, 
worked by p", the pump rod, which is attached to a lug on the eccentric 
hoop. 97 is a long link, connecting the starting handle with lever <;', fixed 
on the shaft r, on which is also fixed another lever ^, and connected with 
the link j" to the end of one of the eccentiic rods. The ends of the ex* 



centric rods of each engine are connected permanently bj a short iiak. tt4 
have each a pin at their extremities fitting into the gabs, which ore in tlui 
case fastened ujwn the valve rod. r is the regulator handle fixed opaa (W 
spindle which passes through a collar into the steam pipe <', and u tb«a 
attached to the regulator r'. »» is the valve chest, iu which the valvn \i 
the two cylinder» are placed back to buck, f is the slide valve, f w lW 
valve spindle. /" is the prolongation of the valve spindle throng ihs AtM 
end of the cylinder, and also through the cross guide T. ■' b the SMtiN 
pipe, leading from the tender to the feed-pump, k" «" are the f<nt*-pai 
anid valve-chest of feed-pump, vl" u"' is the feed-pipe leading fits the 
valve chest to the boiler, x is the shaft of reversing levers, y^ art tW 
axle bearings, z z is the smoke box door. 

In this engine, it will be remarked, the boiler tubes are vcrj Iom. whiek 
neoessarily makes the engine long, and teveral inoonveaiaMSS mc Aw 
the elongation. The hot air procct^ding to the chimnejr ezpcfwaefs s 
greater resistance in passing through the longer tubes, which make* i 
greater intensity of draught necessary, and this in its turn involves a grcsitf 
contractiuu of the blast pipe, whereby power is lost equivalent in amoiM 
perhaps to the steam gained hy the extension of the tube snrfaoe. As tW 
engine to<^ is [)oised as it were upon the central driving wheela, it is sat^ 
to violent pttchiog aud oscillatory movemeuts should the driving wheels to 
screwed too tightly duwn upon the ruil, and this there is a pi rpicl 
temptation on the part of the engine driver to do if the rails are wet cr 
greasy. In most locomotive engines the bearings of the driving axk an 
too short, in consequence of which they speedily wear ; and the engine «iU 
be subject to dangerous oscillations if there be much side play in the bes^ 
ings of the axles. Thi» would be effectually obviated by making the he«w 
ings spheroidal, and the next best alternative is to make them long laA 
with very large fillets in the comers. We look utwn it, however, as qsito 
impossible that the present construction of locomotive engines can last vtri 
long, as it is foil defects notwithstanding all the ingenuity expended oyoa 
it. The area of fire grate is much dxt small, the tubes are tn> Umftlil 
as a consequence of these defects the blast is in general too mocfa UMirmliJ 
The moss of matter purtakiug of the reciprocating motioa «f the iB«^«fl ii 
also too large: it would be better that the motion were comaniiiMMsd toilH 
driving axle by means of two inverted oscillating engines set at so aagU of 41 
with one another and attaching themselves to a single crank in the middlt 
of the driving axle: but in this case a provision wonld have to he mato 
of such a nature that the movements of the engine would not affect ihi 
action of the springs, for the engine would otherwise work the spriafi sa 
and down at every stroke. In cases where outside cylinders are onplajsC 
which, instead of attaching themselves to the crank axle, oonncvt to psM is 
the driving wheels, the c} linden must he carefully felled to reUia tks hH^ 
and (hey may then be covered with oil-cloth, which may also be eninipTCi 
to cover the wooden casing of-tbe boiler with advantage. 
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CHAPTER X. 



VARIETIES OF PARTS OF THE STEAM ENGINE, 



I 



PIBTOITS. 

\N'£ believe the yariety that nppcars in the sabjoincd collection of pistons 
will excite aome remark. Had it beea our object to present an extfosirc 
a catalogue as poisible, we should have addtd to the number ; or had 
■we inteDded to make merely a selection of the most approved, we might 
greatly have retreoched it. By predating a somewhat helerogeoeoas and 
tmtelected eniuneralion of the principal varieties, just as they have oc- 
curred to ns in practice, and noting their respective characteristics, whether 
merits or defect*, we may, perhaps, make our accimot more instmetive than 
if we were to give either a more taethodical description or more restricted 
catalogue. 

A coasideration of the annexed sketches leads us to rank metallic packed 
]HStoiu under two divisions (which, if not perfectly distinct, are sufficiently 
•o for the purposes of classification), to one or other of which each may be 
referred: those in which the expansive force of the rings aloae is used, and 
thone in which it iseiclii*r n-ssistud or entirely saperseded by springs. The 
former kind, by far the simplest and most obvious, seems to be of much the 
more recent adoption ; and just adds one to the many instances which the 
history of engineering presents, of the shortest road being the last to be 
taken. Of this species we may reckon three varieties; first, those in which 
hemp packing requires to be compressed into the space between the ring? 
and the piston, to aid the elasticity of the former ; this is commoDty the 
case in pumping engines, where hitherto the more complicated and ex- 
pensive descriptions of packing have not been generally adopted. 

Fig. 306. represents a piston of this variety, at work in a pumping-cngine 
in Perthshire, manufactured by the Messrs. Maxton, of Loiih ;, the oblique 
cut io the ring being designed to prevent the sharp edges of tbe break from 
grooring the cylinder. In this de«criptioa of piston, two rings are generally 

Fig, 206. 




2 



^ 



^ 



Scale 1 Incbal foot. 
rftton or 4 ifmrtnQ titaws, at mcssks. m^xtoov, Lcrra. 

raiployed, one above the other, with the "breaks about 90'^ apart, to prevent 
the steam escaping at the joint. This is the simplest kind of metallic 
packing, but when properly itted op. it possesses nearly all the advantages 
of the more complicated descriptioDs ; the only diaadvanl.ige lieing tlie ne- 
cessity of occasiuoal adjustment, whett the internal hemp gasket loses its 




elasticity, the frequency of winich depends upon the accuracy with which 
the end joinings of the external rings are contrived to prevent the inlet of 
steam into tbe hemp, and also in some degree upon the temperature and 
pressure of the sttam itself Another form consists of a single ring with a 
toDgtie joint, as shown in the figure. 

Closely allied to the above is what we may term the second variety of 
this species, an external packing ring like the former, but deriving its 
tightness from its own elasticity, and, of c-oiirse, not de[jendeDt on the 
hempea packing behind. The simplest and perhaps the most common me- 
thod of giving the requisite spring is to turn the packing rings a little larger 
thao the diameter of tbe cylinder, and when sawit through to cut a leaoa 
and mortice, or a half check iu the abutting ends, and tlieo to compress the 
ring by an iron hoop with screws, and to fix it temporarily with a pin put 
through the overlapping or mr)rliced ends; in tliis state the rings are 
ground on the surface joints, and the piston made ready for it* place; when, 
the hoop being unscrewed and the temporary pin withdrawn, the rings are 
suffered to expand in the cylinder by their own elasticity, which will gene- 
rally continue to act till the rings and ihe cylinder ore so much worn as to 
permit the rings to expand to their natural extent 

Siimelimes the abutting ends are left plain, in which case a piece xa 
merely cut off one end, to allow the ring to be coraprtsseil to a lesser dia- 
meter. Great diversity of opinion exists as to ihe merit of this species of 
packing : that it is a decided improvement upon the fonner is unquestion- 
able, but it is alleged, that in accuracy of form, and facility of application 
to the cylinder, it is greatly inferior to the ordinary more complex va- 
rieties, with a number of segments and artificial springs to each. It is said, 
in the first place, that it tends to wear the cylinder off the truth, and no 
small degree of ingenuity has been ptit in re<|uisition to remedy the e%il; 
with what degree of success we may here briefly consider. Appeal (o ex- 
perience might seem the shortest way of settling the question, as many 
pistons boti) of the simple and the amended construction are iia use, but in 
this, as in many other cases, recorded experience only serves to prevent 
any conclusion whatever, or rather tends enually to two contradictory 
resnlta. 

Let us then investigate the action of the simplest form. The ring, when 
first compressed, does not naturally assume the circular form, as by the 
two ends being brought together the tendency to expand to it* original di- 
mensions is mainly checked in only one direction. When confined in the 
cylinder, however, it wUl he seen at once that it is compressed equally in 
all directions, and must therefore exert a corresponding force equally in 
every direction, to recover its original dimensions. This appears po plain, 
as scarcely to be susceptible of illustration. Suppose, for instance, the ori- 
ginal diameter of the ring to be 18J in., and to be comprtMed into an 18 
in. cylinder, it will at onee be seen that es'ery diameter of the ring being 
compressed equally has an equal tendeacy, and must exert on equal force, 
to regain its original dimensions. 

Instead of an exterior compressing cylinder to confine the ring, we may, 
to assist the true conception of the case, suppose the various diameters to 
be replaced by so many bowstrings, each of which plainly exerts an equal 
strain in confining its respective seraicircumfereuce, and thus the amount 
of pressure exerted around the entire circumference must every where be 
equaL We are told that this has been denied, und the reverse maintained 
by some judicious practical men, but chiefly, we believe, if not eotirely, on 
theoretical grounds ; and even chough recurded experience be appealed to 
in support of their views, it cannot neutralise the opposing (estimouy, that 
in tome cawi th» cylinder has been found to have worn perfeetty true. 

The variety and ingenuity, and we might add, complexity of the vorious 
contrivances adopted, to correct this supposed defect in this description of 
packing, and the alleged success by which they have been attended, roust 
be our apology for dwelling on the subject. But although the apprehended 
evil did exist m its fiill amount, and the rings really had a greater tendency 
to expand in the direction perpendicular to the diameter passing through 
the break, we do not see what ba<l effect would ensue ; the cylinder would 
be worn almost imperceptibly oval, till at length the inequality of pressure 
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in the ring woald b« cziclly coanterbftlanced bj coiretponding cllipticitf 
ia the cylinder ; and not only to. but the next rings that happened to be 
put in would fit with w grcot truth as the meet hair-breadth system of 
compensation coold possibly effect, since the alleged unequal expansion of 
the ring would then correspond exactly with the shape to which the cylin- 
der has by that time worn. 

It is abundantly obvions, however, that the effect upon the cylinder of 
the anequaJ expansion might be altogether neutralised (were it ascertained 
to have any proper existence), by using two rings instead of one, the po- 
sition of the joints being 90° apart. It is not uncommon to have the rings 
placed with the joints on opposite sides of the cylinder, or 1SI)° apart : an 
arrangement only useful to prevent the passage of the steam through the 
single break (an object which might be easier attained in another wa^), 
and incapable of exerting a correcting influence on the above-uumcd m- 
eqaality. 

Under the third modification of this description of packing, we olsuts 
pistons in which each ring is still in one piece, but in which some of the 
above modes of compensation are had recourse to. The common method 
is, simply to turn the ring about one third thinner toward the part where 
the jommg is made ; two rings are commonly ti>ed, the position of the 
joints being as abore described, and instead of the riogv being turned of 
greater than the required diameter, and then sprung in, the requ'tsitc elas- 
ticity is given by hammering the thicker semicirciunference on the hollow 
side. Of conrte, the same method may be taken with rings of uniform 
thickness, and to derive the fall effect of the hammering, it might be well 
to retain the original skin of the casting on the inside of the ring. The 
advantage of giving the requisite elasticity by hammering rather than by 
compressing tlie riug, lies in the more perfect circularity ensured by the 
former ; but were the precaution taken tu turn up the compressed rings in 
the lathe, this difference would do longer have place-, and this is now ge- 
nerally done in addition to the hammering. 

This arrangement has bven generally found to work very well ; but {)er- 
haps not better than the preceding more simple variety, when the wurk- 
manship of both is equally correct ; and to deficiency in this particular, we 
apprehend, must be ascribed any disadvantage which the latter, as some- 
times constructed, have been found to Labour under. Numberless methods 
have been taken to prevent the escape of the steam by the open end joints 
which this species of ring exposes ; frequently hemp i>acking is put behind 
the rings : sometimes they are merely cut without any further provision ; 
tad sometimes the evil is left in its full magnitude, without any attempt at 
a remedy ; but by far the best plan, ondoubtedly, is to rivet a piece of 
brass or iron, previously fitted to the proper curvature, to the inside of the 
ring 00 one side of the break, so that it sliall apply correctly to the other 
side, and slide along steam-light as the ring expands by wearing. Inatten- 
tion to this simple precaution has been the occasion of great incoDVeoiencc, 
and has even led to the substitution of a much more expensive, though not 
in reality much more elficient system. 

Deferring our remarks on some important modifications of this construe- 
tion till we come to consider the pistons in detail, we proceed to consider the 
second principal division of our subject, comprising many subvariuties : wo 
mean, that class of pistons where aniGviol springs arc used, actiu;; in most 
cases by the intervention of blocks or wedges. The most common con- 
struction is as follows: — Two strong cast-iron rings, of such diineasioiu 
■a to have no perceptiblt- elasticity themselves (sny fhim 1 1 in. to ii! in. 
square in the cross-section), are cut, each into from three to six or eight 
segments, according to the sue of cylinder, or other regulalihg circum- 
atanee, placed the one above the other, so ss to break bond at each joint, 
and nt each bresk part of the ring is cut away to admit the iatroduction of 
a wedge nsoally of the angle of DO'-', the point of which may be I in. from 
the snrfkce of cylinder: a common elliptical spring is then introduced be- 
tween the body of the piston and the back of the wedge. Sometimes, in- 
stead of a wedge, a simple block is osed, or the spring presses immediately 
upon the back of the riug. 

In the original fumi of this piston, as constmcted by Barton, the points 
of the wedge came in contact with the cOindi-r, being situated in the pi-ri- 
phery of the piston, and, in order to prevent their injurious action in 
grooving the cylindi-r, it was proposed to make them of softer metal ; and, 
we believe, it is to Tredgold that we are indebted for the suggestion of the 
above-described greatly improved modification. In this description of 
piston, the mode of action of the wedges is what seems principally to re- 
quire investigation. When the points of the wedges are not in contact 
with the cylinder, the mode of action is sufficiently obvious ; the interven- 
tion of the wedge serving simply to mtdtiplv the energy of the springs on 
the principle of the wedge, as a simple mechanical power. Of course, the 
Btore ncnie the angle of the wedge, the greater force is iinp«rted to the 
springs, on the principle of virtual velocities; and were the segments only 
required to expand indefinitely, instead of expanding and contracting by 
tnms, to suit the inequalities in the cylinder, then a very acute wedge 
might be used : but as the wedge must be ready to spring back, to allow 
the paeking to yield when it comes to a tight part of the cylinder, as at the 
top and hotUMB of the stroke, it is plain that the inclination must be con- 
siderably grenter than the angle of repose v it is seldom, however, made 
less than 80° or 90*^. but we believe a considerably sharper angle would be 
found to answer. Considering now. for a moment, the case in which the points 
of the wedges come in contact with the cylinder, it might seem, at first 



Varieties of Parts of the Steam Engine. 



Scstallndk— J <OT> 



sight, that they would exert no pressttre at tU upon the «4l*o* wf Wi 
and such would be the case, were it possible for them to wear no ftswr 
than the rings themselves ; a little consideration, however, will show tte 
this can never be the case, as the wear upon the wedge mtisl be to that ct 
the ring, in the proportion of the side to half the base of the vedgv ) tbst «h 
in the case of a right-angled wedge, as the diagonal to one of the ados af 
a square : were the wedge and cylinder then to be made of the anae am- 
teriol, the wear of the cylinder opposite the wedge would exceed that tf 
the rest of its surface, in the above proportion, or probably ia a sosMwhat 
higher ratio, arising fh>ro the different grain of the metal composiag lhs 
wedge. The wedges however are almost always made of gun metal, \ 
serves in a great measure to nentralise what would be otherwise i 
rions tendency of this arrangement. 

With these prelimiuurv remarks, we now proceed to consider, ia i 
several of the varieties of piston that have come most promincntlr n ^ 
our notice, the better able to decide upon their respectiTe merits Dom th* 
general principles we have laid down. 

Fii). 2U7. represents two views of the locomotive piston made by Mnat. 
Forrester and Co., Liverpool, for the Grand Junction Rsilwny. The pe- 
culiarity of construction und mode of action is ap- j 
parent fW)m inspecting the drawing. By fiitinj; a Ft^ S07. I 
tongue niece, or tenon, into a corresponding mor- 
tice, in both wedge and ring, it is intended to 
prevent the passage of steam at the breaks of the 
segment, instead of the common method of using 
two rings, each of half the thickness, with the 
joinings of the one ring placed midway between 
those of the other. We believe this construction 
has been found to answer perfectly ; but this is 
not pa}-ing it a distinguishing compliment, as we 
shall soon see that the same may be said of cer- 
tain other descriptions, about which there is not 
above one fourth of the workmanship here dis- 
played. In fact, dit^play is the very idea which 
this piston suggests; the elegance of the design, 
the slendernesis of the working parts, and the 
extreme accuracy of workmanship, necessary to 
its action — and which the Messrs. Forrester are 
never known to spare — rather Ber%e to point 
it out as a pretty engineering toy (not without its Locoairmt n»^o% n i 
share of usefulness, at the same time) than as n ru»»s*T»s •»»• 
pUn likely to be either extensively adopted or 
generally approved of. In the first place, there can be no dovbt. 
prevention of leakage by tbe joints would be at least as effectually 
plished by having two rings arranged as above described ; a method 
will generally be found, in the hands of common workmen, to be cf m*ch 
easier execution ; very great nicety being rei]uired in the fitting of th» 
sliding pieces into the mortices, and the slightest impetfiretioa nt fim 
having a tendency to wear worse from the constant passage of (bt tfin 
Again, as the sliding pieces must move forward faster than tha anmrato 
(when the wear commences) in the prop«irtion of the disgooal toSeiitt 
of a square, as can easily be demoastruted. it follows, that tbe pi i>w* tlHaa* 
Selves, and consequently the part of tbe cylinder corresponding, autl «ev 
faster too ; and thus is the cylinder liable' to be worn unei^aally. Th* ex- 
treme slendemess of the springs, and the slight pressure which they aiw 
generally required to exert, cnay indeed, for the most part, prevent this in- 
equality from being readily perceptible ; but it is evident that the actinais 
in some measure similar to tbat of a flat-pointed wedge preaaed Airwvd ^7 
a spring, and itself in contact with the cylinder. 

We shall further find, on comparing this piston with laora dul* vani- 
ties, that it is unnecessary to divide the ring into so many arfmnisL Slu-^ 
a complete system of odjusinient and compeniatioo might hsv< ^ 

beneficially employed during the nonage of iteam eyLuders ; l-i. ) 

to be superflnons in the present state of maehintry, by the fart '*** 
ring cut in a single place is tuund to give perfsct titMfttfltim 

Fig. 208. represents plan and »eciion of a piston 
manu&ctured for comniun and locomotive en- 
gines, by Messrs. Dircks and Nelson, late of 
the Etna Foundrj", Liverpool, differing fh>m the 
above, in having only one wedge and break in 
the ring instead of four. The set screw. 00 the 
side farthest from the wedge, might be omitted ; 
the two side screws serve in some measure to 
compensate for the sluggish action of the right- 
angled wedge, which seems rather to press the 
ringa^iustthec\liuderat the point imuiediately 
adjacent than to force it open, and thus make it 
bear equally all round. A more acute wedge 
would propagate the pressure of the spring mor« 
readily througbont the entire circumference, A 
circular spring, like that osed here, while it pos- 
sesses several conveniences, ii yet less delicate 
and perfect in its action than the common ellip- . Sc*i* 1 1 
tical kind; and perhaps, too, less easily re-set or Mcononn ■ 
re-temp<.-red. aiacas 
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Very limilar to the first variety is that shown in fig. 209. We doubt whe- 
ther the slight soperiority ia point of simplicity gained by doing away with 
the adjusting screws, and substituting a single spring hoop, be not more 
than eoanterbalanced by less perfect action. A metbod intermediate be- 
tween the two last is sometimes adopted; the packiuf; ring is cut, and a 
sliding piece and wedge employed in two opposite places, and a circular 
spring, with set screws, acts upon each. 



Fig. 209. 
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Fig. 210. represents a plan of the piston so extensiTely known as Edward 
Bory's locomoUTe piston. The distiactive feature in it is, that each spring 
SKts upon one wedge in the upper ring, and another in the lower, the centre 
of the spring, contrary to common uaage, hang; nude the " point d'appuJ," 
from the body of the piston. This variety is free from some of the defects 
of Forrester's, and when managed with care is found to work with great 
truth and accuracy. First cost of workmanship, unnecessary complication, 
considerable liability to derangement, are accompHinying qualities which 
will be found to act more or less as drawbacks in dilfL-rent circumstances, 
and which by some may rather be deemed matters of financial than of 
engineering science, AmODg the great variety used on the Gloucester and 
Birmingham Railway, this description has been found to give the grualest 
satisfaction, while on some of the other lines they are in the course of 
being superseded by simple forms, which are said to be every way preft-r- 
able. The peculiar contour of the springs invoiving, as it does, the diffi- 
culty of replacing them eLsewhere tlian where they were first manufae- 
turcd. is a point almost too insignificant to he noticed, but which, we donbt 
not. haa tended to bring them mto disrepute on some of the lines of rail- 
way above alluded to. 

f'i<?,21l. represents a piston that has been mnch used by Messrs. Stephen- 
son : it consisu of three concentric rings, the two outer being ri;bated and 
morticed upon their edges, and together filiiug up the space between the 
flanges of the piston. The inner ring is equal in depth to the two outside 
rings. When the rings are tnracd to fit the cylinder and i-ach other, they 
■t* hammered on the inside, to give them a tendtncy to spring outwards, 
and arc then cut through, to allow them to expand. The divisions of the 
rings are placed so as to break joint. To provide for the wear of the ont- 
nde rings, springs are placed at the back, which can be tightened up by 
ineaas A screws bearing upon the cenlre part of the springs. 



Fig. 211. 
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Fig. 212. represents a kind of pistoo used on the Liverpool and Manchester 
Railway, very similar to fi<t. 208., or to those used on the Grand Junction 
Railway. As l>efore remarked, the obtusencss of the wedge seems to be 
almost the only defect in this simple and elegant species of packing. We 
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mn.st, however, confess, that in orging this particular we form oar opinion 
on theoretical, we had almost said, conjec- 
tural grounds, as we have never met with 
a more acute angle in a piston than from gC^ 
to 90^. The pistons on the Liverpool and 
Manchester Railway are gcDerally brass. 
This is an advantage in horizoDtal or in- 
clined cylinders, as the softness of the ma- 
terial, and the greater lightness of the pis- 
ton, considerably reduce the wear of the 
cylinder. Brass pistons have l)een, on this 
account, much used tor locomotive engines; 
one drawback, however, to their employ- 
ment, is, the inferior elasticity of the metal, 
which renders the employment of artificial 
springs necessary. 

Fig. 213. represents the packing-rings of 
Stephenson's locomotive piston, as we have 
seea them used on the Great Western Rail- 
way. The pecttliarity of this piston consists 
in the two rings being grooved and tongued 
into each other in a manner similar to 
common flooring deals as we have already 
mentioned. In the published desi-riptiou of 
this locomotive we arc told that this is in- 
tended to "keep them steady," — an end 
that should, we think, be sufficiently ac- 
complished by their being enclosed within 
the cylinder. 

Fig. 214. represents the plan of a piston 
used on the South- Western Railway, bearing 
a considerable resemblance to what we have 
seen on the Liverpool and Manchester line. 
It is superior in simplicity, and at least 
e({unt in elficiency, to several of those we 
have figured. A modification of this kind 
is used with success upcm the Runcorn 
Gap Railway, with this difference, that, op- 
posite the set-screw, the ring is made per- 
fectly flat for about the fourth of the cir- 
cumfureuce. The engines made by Sharp 
and Roberts for the French Railways arc 
likewise fitted according to this modlfica- 

Fig. 915, 
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Fig.i\h. represents the piston adopted on the Glasgow and Ayr Railway, 
where it has superseded (he more complex varieties. It is free from all or 
most of the defects we have jKiintcd out, and has given much satisfaction in 
practice. The position of the rings, iu being placed with the breaks, 90° 
apart instead of 180°, is one of those triviaJ but judicious arrangemenU 
which often determines the character of a mechauical contrivance. 

Fig, 216. is a plan and section of piston similar 
to that useil for the American or Bogie engine, 
manufactured for the Gloucester and Birmingham 
Railway, by Messrs. Naamyth, Gaskell, and Co.— 
two packing -rings, fin. x IJin., each in three 
segments, pressed out by three elliptical springs 
with set ecrewa, through the medium of an inner 
ring equal in depth to the two, and cut in three 
places. Mr. Nasmy th has constructed many of his 
locomotive pistons with spiral steel springs in- 
stead of the usual elliptical kind; they were found 
very liable to break, however, and are now almost 
entirely disused. We have seen hollow packing- 
rings constructed by Mr. Nasmyth, with the object, 
we presume, of obtaining a broad steam-tight 
bearing without increased weight. 

These then are the principal specimens of loco- 
motive piistoBS we have to give : we shall next 
describe some of the most approved pistons for 
marine engines, all of which are also applicable to 
land engines. 
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Fig, 21". repTea<ntg a ▼ariery of packing nunnbetured by McMn. Mnxton 
and Co., Lcith, ndapted for marine engines. The iip«ciinen wc hav** al- 
ready given by thi-M' makers has an improvement iufr>xluced or patented 
BCTenl years ago by >Ir. M'Dowall, of Johnaton, near Paialey, which con- 
sist!' in cutting the rings in a slantiag instead of a perpendicular direction- 
In Mr. M"Df> wall's piston the ring is cot into several segments; and, as only 
a single ring is nsed, a sliding piece is checked in on one side, to break 
bond, and prevent the passage of the steam through the opening. That 
shown in the figure would be improred by the substitution of a single ring 
of sufficient depth, instead of two; and, by employing a sliding piece behind 
the joining, thus rendering the hempen packing unnecessary. The other 
forms of joining shown in the above figures are possessed of no particular 
interest, being somewhat difficult in ezeoutMm, without corresponding ad- 
ran tage. 

ry. 817. Fig. 818. 
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Fig.2\8. represenU Jessop's spiral metallic packing, as 
ears ago by the lale Messrs. Claud Girdwood, and Co., for t 
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made several 
years ago oy tne late Jiessrs. \^iaua itiruwouu, »uu v-u., lui two small snh- 
tidiary engines for the " Den Juan" steamer. On considering the action of 
the spiral coils, when the ring is compressed into a lesser diameter, it will 
be found that the tension of the springs is a minironm at the centre of the 
coil ; while it increases towards each estreroity in the ratio of half the noDtber 
of coils to tmity. This packing is but little nsed. 

f'iy. 219. represenU an arrangement that was 
extensively adopted by Messrs. Claud Girdwood 
and Co. The packing consisU of four rings, 
from 1 lo H square, according to the sise of 
the cylinder, which may vary from 6 to 50 
inches in diameter. In putous of the latter 
dimensions the rings are turned fully two Inches 
more in diameter, and afterwards cut in one 
place, and bent to the proper circle in a mould 
prepared for the purpose — the ends being half 
checked in such a way as to be steam-tight 
without the necessity of using packing behind, 
which, however, is freijuenily added. In order 
to bring the cylindrical surface of the rings 
•ooner to an exact bearing, a groove is turned 
out of the outer circomference of each : this 
ni.ty help, besides, to keep the piston ti;;bt, by 
affording a lodgment for oil and billow, and 
may in certain circumstances be of considerable 
use. In one instance within oar knowledge 
this kind of piston has been at work, with oc- 
casional interruption, but little or no repair, 
for a period of t<.'n years. 
Fig, 330. repre«ents plan and section of piston both for marine and land, 
maau&ctored by the Messrs. Maxton, of Leith. This may be regarded as 
a fiiToarahle, and at the same time, characteristic specimen of the roost 
generally approved and widely adopted variety of packing in which sepa- 
rate springs are employed. The eaae with which the springs may be bent 
and reset to the proper compass presents set screws from being required : 
the only serioosly objectionable point teems to be the expense of fitting 
and finding steam-tight the ten wedges required. While, however, we may 
admire the capability of perfect adaptation to the form of the cylinder, 
which this pialoa prwenti, we moat express our decided opinion, that a suffi- 
cient, if not. practically speiking, an c<iaal degree of correspondence might be 
attained at a fraction of the expense. This, however, supposes the case of a 
Mw and peribet cylinder : hat where that has been previously worn un- 
M|wll]r by hempca packing, as is frequently the case, then this modifica- 
liM poiaeaMi oecided advantages, and has, we believe, been repeatedly 
mpUai by the Messrs. Maxton in these circumstances, with great success. 
Tat oae of wronght-iron nuts, fitted into the body of the piston to receive 
tka Jtuk ring screws, insCead of tapping them into the cast iron, is a very 
obtlooa iaaprowMBt, tbofOf^ act peodiar to Meaars. Maxton. 
Fff. m. icimaMili a tent vt varaw jiitton at one time uanofactured 
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largely by Messrs. Fawceti and Preston. It bears a coatfdttablt 
hlance to Forrester's locomotive piston, sharing both in itt HMTitt and 
fecta. To enter into a detailed analysis of it would h« aaperflaoav ■ 
having considered so much at length the general prtoeipica by srhs^ 
judgment has been regulated. 

Fig. aai. 
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Ftg. 22'i. is the form of piston adopted by Mr. Robert Napier in ' 
his vessels, being similar to that nsed in the llalifhx line of packetiL 
peculiar shape i>f the blocks against which the springs press, inateai cf i 
tisoal V wedge, is one point of identity between thia and thai givrii in mt 
plates of details of a marine engine. ^ 

Fig. 223. represents the form of piston at preaent constrocted bj Mr. 
bert Napier. Two rings, about 9^ta. aqtiare (cylinder being <Ui& 
meter), divided into two aegmenta, the lengths of which mmj be f 
proportina of 1 to 5. each ring being pKMed out with a number oft 
genenilly made very stiff, and of little conpass-. the rings, in eou* 
wear so rapidK-, that we have known them to require to be eked wiA ■ 
considerable thickness of copper at the ends. We do not know tbe ob^Mt 
of dividing the segments in the above proportion, unless it he to take oal 
the rings without taking off the cross-head: mother rsape cta a aia^e break 
would be quite as efficient. The diatingniahing feature of thia psauo Uai 
in the cut on the outer circumference of the rings being made at a ca** 
siderable angle with the perpendicular, while that on the iaaer side ia 
vertical*, an arrangement that we do not recollect to have met witb heAa*. 
The pectiliar form of spring shown here, in an enlarged view, ia, an te- 
as we have observed, adopted almost exclosivclj by Mr. Najiier. 
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Fig. 224. represents the ipecie* of packing-ring emploTed by thcUenn. 
Seaward. Only an*? packing-ring is uaed, about 3jin. i I J in.; sprung ia 
from a larger diaiueter, or hammered internally so as to have considerable 
elasticity. This ring is cut in only one pln*c, and a piece, Sin. or 9 in. in 
length, half the thicknesv and about one-third the depth of the ring, bs 
checked in on the upper side, in order to break bond ; and at the back of 
the joint a block is placed, screwed to the one end of the ring and loose at 
the other, so as to prevent the steatn from passing through the cut In 
addition to the elasticity of the ring, it is pressed out by six elliptical 
springs. This is, on the whole, one of the best marine pistons we haTC 
met with. The ring, however, in wearing, deranges the joint between the 
ring and the small segment-piece. The joint o|)tns at each end, so that 
tbe only contact c«ines to be at the coutral point, which is a defect. 

Fig. sa&. 
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Fig. 225. shows plan and section of the piston of the " Don Juan's" en- 
gines (cylinder 68 Ln. diameter). There are two rings cut into two aeg- 
ments, the lesser being oae- third the circumfereace, with V blocks at the 
joinings, and sltflT elliptical springs. 

Fig. 226. 
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Fig. 226, shows the species of piston employed by Messrs. Miller, Raven- 
hilt, and Co. The ring is turned the full size, measuring to the point of tbe 
tongue-piece, and squares are then cut out to allow the ends to come toge- 
ther, so chut the tongue-piece is in one piece with the ring. The malleable 
iron bridle is for the purpose of expanding or contracting the ring, which 
is effected by driving in a cutter at tbe one end of the bridle or the other, 
whereby the ring is contracted or expanded. One end of the bridle is 
attached to (he ring by a bolt, which slides in an oblong bole in the bridle; 
and if a cutler he driven between the bridle and one end of the piece 
ground on the back of the joint, the ring will be expanded ; whereas, if 
driTea at the opposite tide, the ring will be drawn together. 
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Fijf. 227. reprewnts the marine- en (fino piston of Messrs. Mandslay and 
Field. Here the tongue-piece ii not ca«t in one wiih the ring, but i» put in 
with ping; and the alot ii on the incline, to prevent a rut in the cylinder. 
The tongue-pieces, of this and the preceding variety, are of coar«e ground 
in, a piece being ground on the back lo prevent the steani from psMing. This 
•peciat of piMoa ring ii probably amoog the best jet introduced in practice i 
jiTi, in the West India mail steam vessels, it was found that the pistons 
irorc BOt tight until springs had beea introduced to press out the rings. 
The ekiticity of these rings most therefore be reckoned insufficient ; and 
it is a venr common fault of metallic pistons that the springs are mode too 
weak. We have often known them to b« loo weak, but never in any one 
iir*'-" koew tbem to be too strong. 

Fig. 228. 
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FSg. ns. rtprswnts the piston used for Mectra Mandsby's cylindrical 
■Ikle-Talvea. By raising or lowering the screw, it will be evident that the 
rings are compressed or expanded. A flat place is of course cast in the 
body of the piston to leave room for the bridle. 

TIm pistoas of Messrs. Scott and Sinclair consist of a number of seg- 
BWQta pressed out by V blocks acted on by a cnntinuous ring spring. 
Maisra Caiid't are similar, but the blocks are flat, and the springs are 
separate, as ma^ be seen in the plates of the details of the IMyde, Tweed, 
Tty, and Teviot steamera. Messrs. BIythe's consist of two eccentric 
rings, one above the other, without springs or packing. Messrs. Fairbaim 
■nd Cow have made several w ith a double tier of eccentric rings, having 
•MtOlrie rings sgain within these, so that the interior of the inner ring 
b eooeentric with the exterior of the outer. The space behind the inner 
ring* u also packed with hemp. This variety of piston is troublesome to 
k(«p in good repair. 

In the pistons of oscillating engines, it is necessary to take precautions 
against any comprcasion of the packing-ring by the wvigbt of the piston 
during iLe inclinstion of the cylinder. The method pursued by Messrs. 
Fan ll to pack the space between the metallic ring and the piston with 
W0|ii It might be ■ good wky to force out the ring by meant of a V 
block dIscmI un one side of the piston, in the line of the trunnioo, a steady 
pin being inserted in the piston on the opposite side, with a corresponding 
<iMmig bole in the packing-ring, so as to prevent the packing-ring fhnn 
tumtng round at the same time that it was permitted to expand. Messrs. 
Pt«a make use of a single ring and tongue piece with the block behind 
IWMMad, so as not to mcirfere with the hemp packing. The upper side <d 
Ifcc riag, too, is thariwned olT tn an edge. 

VALVO, 

Vr« aow aomc to th« rabjeot of valves, aitd here we have neariy as great 
Ywiatjr M mder Um bead of pistons. The function of a valve u to o|>en or 
<lo« a DMkag*. and all the varieties are divisible into the genera of lifting 
ua4 dUoiag vilvaa. Miding -TBlTea are generally employed to admit the 
•tlBB ■kcnatalf kbovo asd below tha piatons iif engines, except in the 
mm at pUMlng-cngiBaa, and tber* lifting or spindle valve* are usually 
tMploTwd. aafKy*nlv(>s are always spindle-valve*, though a slide-valve, 
opnMd bjr th« rise of a column of wstrr or mercur>-. has been proposed as 
a safcky-valve. Tba valvas of pomps u« gettanliy spindle, flap, or ball 



valves, hot are slide-valves •omcttmes. k cock is to ba rrgarded m ■ o^ 
cular sliding- valve. The diameter of the spindle of spindle-valrtt k 
luually made about one eighth of the diameter of the valves : in small Tahsa 
the proportion is greater. 

St^ety-vaives — We have in page 86. given a theoretical iavMlicMiM tl 
the size of orifice requisite for safety-valves ; but, aa is tbeire auiwl, msmA 
larger orifices are employed in practice. A oomrooo proportioa ia a df^ 
cular Lneh of orifice per IJ horse power, or '8 of a circular inch perl 
power. In marine engines safety-valves are usually lifted by alercf^i 
presses up the Kpiodle from underneath, and the weighia are eilfav « 
or partially tmug rrom the spindle. The spindles are somctimca nialni | 
means of an iron bar, which passes across the steam-chect; but ttd» ill 
a coromcndoblc practice, as explosions have occurred ttom ibe jaat 
the spindles in the guide, in consequence of im alteration iif shape mikt 
steam-chest whun tlie pressure came on. Fig. 229. represetuatH i 

Fig. 239. 
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valve of a locomotive engine, which is of the staelyard kind, and tka i 
of the lever is kept down by a spring. 

Boiler explosions sometimes arise fWira the adhesion of tba airfh 
to its seat, and nimierous pkns have been deviaed, aitd aoai* «( i 
considerable ingenuity, for obviating this source of danger. The i 
method of feeding land boilers by a head of water may rank MBoag 
contrivances: it ia shown in Jig. 230. A float, which is usvally made of sts 

Fig. 230. 
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or iron, is so balanced, by means of a eounlerweighti that it naea ar 
with the fluctuations of the water level, and in so doing OfMB* of elai 
valve in a small cistern, at the top of a stand-pipe sH on top of the bs 
thereby maintaining the water at the right leveL The «tan4-p<pr is ofsaif- 
fictc-nt diameter to receive a float connected with a chain firoeenliag to iha 
damper : and as the water is forced np in the stand-pipe lo a bei<ht mt- 
rrspunding to llie elasticity of the steam, the float in the staa4>pipr wiB 
rise and fiJl with the varying preuure, thereby mnattaf the vekoHaee af 
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dnngtit to th« wants of the engine. If the pre»ure bfcomes Tery 
high, the wat<?r ■will be forced out of tbc boiler through th<? feeding-valve. 
This valve, however, is usually made too sinall to be capable of answering 
as a safety-valve, but it gives intimation of diinger. Id steam vessels an 
upright pipe has been rccomineiidi'd Co be applied to the top of the boiler, 
of sufficient capacity to give free exit to the steain, aod descending beneath 
the water level, so as to be under ordinary circimist&Dces filled with water. 
When the steam becomes too high, the water is forced up this pipe, and 
proceeds into the chimney by a branch-pipe provided for the purpcwe. If 
ihe pressure be not speedily relieved, the whole of the water above the 
month of the pipe will leave the boiler, and then the steam will' rush oat. 
Another plan consists in the ajiplicatiitn of a vessel at (he end of a lever, 
to receive the water which flows over from the upright pipe, and this 
vessel of water is so arranged that its weight opens the safety-valve. In 
some combinations a column of i{uick.<iilver is employed, instead of a co- 
loma of water; but it has been found that the quicksilver is gradualU' dis- 
ripated by the action of the steam. A large steam-gaiige is recommended 
bj some persons as an effectual safegnard against explosioo, in the event 
of an adhesion of the safety-valve ; but for all ordinary pressures wc think 
the column of water already described will be found to be a preferable ex- 
pedient. 

Slide-ralves. — There are three principal varieties of slide-valves — the 
long D, the short D, and the three ported. The long D is represented 
among the details of the engines of the Clyde, Tweed, Tov, 
and Teviot steiyners, and the three-ported voire is shown in 
the plates we have given of locomotive engines; but we 
here again represent it in Ji^. '2S\. This valve consists of 
a box set over a central port, and moved alternately over 
ports set on eacl) side of the central port, so ns to establish a 
communic&tion between the central and side ports alter- 
nately. The central port is the escape port : the steam 
passes in the direction of the arrows, und ivhen exhoustioa 
i i-i \\ ^^ being performed by one port, steam is being admitted by 
" ^ the other. This species of valve is used very extensively 

\^^ in high-pressure cngine.s, and almost universally in locomo- 

^f^,J tives. It IS very simple; and by leaving the face of the 

cylinder when the pressure within the cylinder exceeds the 
pressure in the valve-cosing, it enables the water to escape 
when the engine primes : but it occasions a considerabte 
waste of steam if the ports and passages are targe ; and if 
they are not large, a considerable loss of power arises from 
the extra- resistance experienced by the piston. 
The long D valve has always been in much favour with engineers, though, 
as we think, without sufficient reason. The short D valve, is ia our judg- 
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ment, preferable, and we give hi^. 232, an excellent ipccimen of this 
species of valve — the valve of the steamer Don Juan, Some short D 
valves have only one rod to connect the ends, and 
others have two; but three are preferable, as they 
give greater stiShess than is otherwise attainable. It 
is expedient to xinc ibe connecting-rods, ais in (he 
wake of the porta they (requently get wasted rapidly 
away by the steam. 

The piston-valve with skewed ports is represented 
in fig. 2M. This species of valve is, in our judg- 
ment, preferable to the D in many respect.^. It is 
more eanily worked, admits of metallic packing, and 
is not liable to have its form altered by twisting. 
Messrs. Miller, Itavenhill, and Co., have adopted this 
species of valve in their oscillating engines of the 
largest sixe, but in this instance its operation has not 
been saiisfaetofj-. 

In working large engines considerable difficulty is 
experienced in handling the valves, from the weight 
aud the pressure of tlie steam forcing the valve against the face of the 
cylinder, Varioiu schemes have been adopted to obviate this disadvan- 
tage. In some oases a small engine has been used to work the valves 
at starting, and another piaa has been to balance the valves by the op- 
posing pressnrv of the steam, thie of these balance valves is represented 
in figures 234, 235, and 2.'46. It is a slide-valve, and has no hemp packing 
as is usual, but is kept tight by means of a metallic packing-ring, divided 
into segments which arc pressed against the inner side of the valve-chest 
back by spiral springs and steam pressure. Some inconvenience might 
be anticipated from the circumstance of the rubbing surface of the packing- 
ring at the sides of the valve being greater than at the ends : but we under- 
stand from Messrs. Rennie, by whom thig valve was devised, that iU 
perfunaance has been found satisfactory. 

Fig. 234. 
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pliMd iptnl iiniiigi. Thew (prings force the ring, and by it the hemp 
packing M frtiuA hard against th« braat acgments, causing them to atide 
•team-tight ■aiaM the valve-box cover, the presaare bving further regulated 
by a conuBnaratkni made between the space in which the spiral springs 
work, and th« ateam in the valve-box. 



Fig. 833. 
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MDILIMIVH AIM-VALVa, aV MUIM. MKKIL 

A communication ia made between the condenser and the apace within 
ibe btvsa ring a a a in the valve-boa cover, and the condenser, regnlatedl 
bjr • eoek, ao that vrhcn the engineer ia handling the engbe be can catiae a 
TBcnnm at the back of the alidM. b b e i< a wrought iron hoop bound lo 
fit the tnroed pan of the valve, which alides freely in it, uninfluenced by 
the valve-rod r r. 

The Talvc employed by Heam. Penn in the moat recent of their oacil- 
latiag-engines, ia anbatantiaUy the aame w i th that just represented. The ring, 
however, ia in a aingle piece, and ia tightened againat the back plate by 
neua of another ring, armed with four lu^ lyuig beneath the packing- 
rtnc. Between thta rin^ and the ^hckiug-nng hemp packing is interposed, 
aao the lower ring ia nuacd up by unscrewing out of boasea on the vaJve, 
four bolis pasaing through the lugs. Tbeae bolta may be unscrewed, and 
the packing tightened, by removing four plugs in the back of the valve- 
caaing. By this method of arrangement it is not necessary to make the 
bach of the caaiiig removable, but merely to plane and fit the back to the 
liap bdbn th« pana are put together. The back plate which forms the 
aavar «f thfl ouing ia scraped as carefhily as the valve and cylinder faces, 
btt oalj w nBcb of the back plate i« Uiu fitted is the ring comes into 



contact with durbg the travel of the slide, and the fitted ponioo k« «sat • 
little higher than the other portions. 

Expansiim- Valvet. — Slide -v^ilvt^ are the most t tt ll fa ft CTy SfwdM •! 
expansion-valve ; but spindle- valves are the aimplest. Bad tiurj vw the aw* 
frequently employed. Most of the »pindle cxpansion-valwa are of <ht 
double beat or equilibrium kind, such as are used in the Cornish eaciM^ 
and the nature of which has been already explained in page ITS. n fW 
plates of details of the West India moil engines a specimen of thisapevtc*^ 
valve is given, with appropriate cams to be applied to the ahftft tor wnrkaif 
it by. In Maudnlay's portable engine the cam is moved on tha steS kf 
the governor, and the speed of the vngine regulates ihr p<iiTit at ahirfctte 
steam is cut off. The form of the cam is a sort of twistv<l ' ii^cr. 

■o to ipeak, against the exterior surface of which a puU<. \ Ue tcA 

of a lever, presses, and by the motion thus derived opeiu ihv \uiic. ThM 
species of cam was employed in the Berenice steam ve«el, by Mr, Ri>^a«t 
Napier, but the vnlve was in that case a slide-valve, consisting of a pUii 
interposed between the face of the valve and the face of the cylinder. 

Fig. '237 represents the variable expatuion gear of Gonaenbach. b 
consists of an ordinary abort slide-valve and casing, with porta in the haift« 

Fig. 237. 
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npon which another stide-valve and raaing are impoaed. The i 
valve is worked in the usual manner ; but the travel of the anpo 
tbItc may be lengthened or shortened, so as to cut off the aUMB tf i 
part of the stroke. A is the c<mimon valve, and F the Tsirr chart i B| 
the supplementary valve, which is a solid block with Iwo 
which, when opposite the ports in the cover F, admit steam flnoa tha i 
plementary valve-chest K. The starting-handle u eoaoeoted ' 
•haft g, npon which a lever is fixed, and so connected by links viihl 
extremities of the eccentric mdt, I> and iL, that when one eccentrse ^hl 
in gear with the pin e', upon the valve-lever, the other shall be di 
In the figure the engine is in gear for going a-head, and the 
eccentric rod I> is disengaged from the ordinary valve, and in rrmr ' 
the supplementary valve, by means uf aaecond gab/^ which reqpvca a [ 
npon the expansion-valve lever G'. In this lever there is a loag ak<, 
which a pin G. fixed on the valve link H, may be moved to b[ 
less distance from the centre of the expansion-valve shaft, by ncaaaof tha 
handle T : and the effective length of the valve-lever being ihua variad^t 
travel of tha Talve receives a corresponding variation. The exi 
valve thus receives the reveraing motion while the slide-valve u 
the forward motion. 

Mr. Cabrey has used a mode of obtaining expansive actioa, which 1 
some resemblance to Goncenbach's plan, but disi>en$iiig with a scfwid Tal« 
It consists simply in making the eccentric rod (enninste in a pin 
in a alotted valve-lever, which has a gab simiUr to the ordinary 
gab. The throw of the valve will therefore depend upon the pi 
the eccentric pin in the slot ; for the effective length of the lev«r wS ' 
with the distance of the pin from the centre of the valve aliaft ; 
nearer it approaches that, the smaller will the throw become. By I 
means expansive working can be obtained with no cover on the valve. b«li 
has the great defect of not opening the ports at the proper time 
may be obviated bv inc-nea-sing the lead of the eccentrics with the 
of expansion ; which has been done by Mr. Fenlon, by means of i 
feather* npon the crank shaft fitting into corresponding groorca la 
eccentric, which, when shifted by a lever along the abaft, wiU 
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b« tamed rootid npoo it, nad thos gire the required lead. Fig. 338. re- 
present* the variahlc expaosive gear of Mayer, it consists of an ordinary 
-r&lre. with the aildition of perforattuns through llie top and bottom feces, 
each of which are covered by a supplementary valve upon the buck of the 
first, consisting of two solid blocks, into which a valve rod is screwed, 
having a right-handed screw where it penetrates the one block, and a lefl- 
baztded screw where it penetrates the other ; so that the blocks will be set 
closer urforthcr apart, according to the direction in which the rod is turned. 
The ordinary valve receives its motion in the usual way, and the expansion- 
vaive is moved by means of a pin Btt.ichcd to the piston-rod, which works 
in a slotted lever, to which tlie exponsiou-valvc rtxl is attached. The 
tuoiion of the two valves in, therefore, at rieht angles, and tJie expansion- 
vatve is about one-fourth of a revolution in advance of the steam-valve. 
In the figure, A is the steam-valve, BB the expansion-valve, TT the valve 
rod, with right and left handed screw : G a wheel attached to the valve rod, 
over which a pitch chain passes, by means of which the valve rod is turned, 
and the blocks are altered so as to give the requisite amount of expansion j 
D is the valve shaft, and CE the valve lever ; F is the pin attached to the 
piston rod. In all coses in which the motion of the ex pan si on -valve is the 
same as that of the piston, the slide-valve must be provided with kp. 

The expansion of the American enginvs is, as shown in the engine 
figured in page 190, generally & disk tumiDg upon on axis like a throttle- 
valve, but so made as to he capable of being turned completely round in 
the pipe. The expansion-valve of the Don Juan was of this description, 
and «as worked from a pin in a pinion, which made two turns for each 
revolution of the engine. In Mr. James Whitelaw's expansion-valve the 
-valve shaft is cranked slightly, so as to enable the end of a douhle-«nded 
lever to he in the centre line of the shaft, the centre of this lever being 
supported by a pin [lassiug through (he valve levers, and the expansion- 
valve^ which consists of a plate placed between the valve and cylinder 
faces, is hung from the other extremity. So long as the end of the lever 
irhich is situated in the central tine of the valve shaft, is preserved 
stationary, the expansion-valve has the same uotiuu as the other valve, or 
is relatively at rest, so that no expansion then takes place ; hut if the end 
referred to of the lever be moved, as is done by means of a suitable cam 
upon the shaft, expansion answerable to the degree of motion is then 
accomplished. Some expanston-vatves are gridiron valves, or valves con- 
sisting of a great number of ports instead of one, whereby the extent of 
traTcl necessary for their action is diminished. Mr. Bourne has introduced 
into some steam vessels a species of expansion-valre which cuts oS the 



steam close to the valve flue, so as to prevent expansion in the valve- 
casing, and is easily applicable to existing engines. It concists of two 
plates, moving between the valve tails of the D valve, and shutting up 
against the lap. These plates are connected together by a rod, and motion 
is given to them by means of a suitable cam or tapj>et : for moderate rates 
of expansion the motion given by a tumbler will suffice. In engines with 
a considerable amount of lap upoti the valve, the amount of expansion 
will he increased by partially closing the throttle- ralve, and in sach cases 
(he use of aa expansion-valve in the steam- pipe cannot be productive of 
mach benefit. This efiFect is traceable to the quicker motion of the piston 
in the cylinder as it approaches the centre of the stroke ; for a size of orifice 
that will admit .steam enough to keep up the pressure at the beginning of 
the stroke, when the motion is very stow, will not do so when the motion 
quickens, and the pressure necessarily subsides within the cylinder. If, 
however, there be no lap upon the valve, the pressure within the cylinder 
will rise towards the end of the stroke, wheu the motion again becomes 
slow ; but if there be lap upon the valve sufficient to prevent the steam 
from entering towards the latter part of the stroke, the steam may be very 
largely expanded in the cylinder by throltiitig in the steam pipe. To make 
the action satisfactorv, however, the throttling of the steam should take place 
close to the steam port ; and one of Mr. Bourne's arrangements consists of 
a moveable plate covering holes upon the steam side of the valve, through 
which boles the steam finds ingress into the cylinder. These moveable 
plates are not made to travel at every stroke of the valve, as in the case of 
commoQ expansion valves, but are moved by means of a rtxl passing through 
a hollow valve, spindle or otherwise, merely, whenever the rate of expan- 
sion requires to he changed ; and the extent to which the steam orifices are 
open determiQcs the extent of the expansion. The valve is made with 
stifficient lap to cut off the steam when about two thirds of the stroke have 
been pert'ormed, and with these proportions, and with the steam orifices 
very much contracted, (he expansion begins very near the beginning of the 
stroke, and continues down uninlerrtipt«lly to its close. This species of ex- 
pansion valve appears to be the best for locomotive engines, and for all 
engines, indeed, travelhng at a quick speed, to which species of engine the 
spindle expansion valves are inapplicable. The moveable plates may ob- 
viously be used as a throttle valve, and the steam, by their iaEtrumentklity, 
may be completely shut off without throwing the engine out of gear. In 
all cases in which there is much lap upt»n the valve, it is expedient to make 
the throw of the valve more than twice the depth of the ports ; oB the orifice 
of the eduction passage will otherwise be too much contracted. 
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TBI rntpraO'ENonrs. 

Ijr a punphlct priotod by Meters. Boalton Bsd Watt, for the iwe of their 
■rrvinu, Mmetinie betwevn 17«42 and 1785, we have Kome eKcellent prac- 
tical directions r«»pectin(? th»> construction and mnnagement of puinptng- 
•ngixiea, the greater part of which are applicable lo the circumstances of 
the {nvaeiit time. This pamphlet '\% now very tcarce : but we have been 
fiivoarcd by Mesim- Bonlton and Watt with the use of a copy, and propote 
here to tnaert the tno«t valuable part of iu contents. SJr. Watt's hand ii 
riiible enough in thin production, and the highe«t praise we can ^ve to it 
ia to asy that it i* worthy of its author. Under the head of general direc- 
liotia We have the followini; : — 

" Havini; fixed upon the proper fitoatioa of the pump in the pit^ from its 
centre meaaore cot the distance to the oentr* of the cylinder, that ia the 
length of tb« workings-beam, or great Ierer,and the half breadth of each of 
the great chainr, as shown by the drawing. Then from the centre of the 
cylinder set off all the other dimensions of the house, including the thick- 
neiaof (be walls, and dig out the whole groood included (to the depth of 
the bottom of tha cellar) io that the bottom of the cylinder may stand on a 
lerel with the natnral ground of the place, or lower, if convenient, for the 
less height the house has above ground, so much the firmer will it be. 
The foundations of the walls must be laid at least two feet lower than the 
bottom of the cellar, unlets the foundation be firm rock, and care most be 
taken to leave a small open drain into the pit quite through the lowest part 
of the foundation of the lever wall, to let oflf any water that may acci- 
dcntallr be »|>ili in the engine-house, or may luttiiraUy come into the ecSlnr. 
If the foundation at that depth does not prove good, you must cither go 
down to a better, if in your reach, or make it good by a platform of wood 
or piles or UMb. 

" The foundation of the lever wall matt be carried down lower than the 
bottom uf the space leA under the condenser cistern (lo get at the screws 
which fix the condenser), and two short walls must be built to carry the 
beams under the condenser cistern. Two other slight walls should be built, 
ode un each Kide^ at a little distance frutn that cistern, to keep the earth 
from it, which would othrrwiM- rauNe it toroL 

** NVithin tlte house, low walls must he firmly built to carry the lower 
eyiindcr bcuut, to as to leave sufficient room to com« at the holdiDg.dowo 
ocrvwa, u ihown ia the drawing, and the ends of these beams must alto b« 
lodged ia the valL but the platform is not to be built on tbtm until the 
botute ia otberwiae finished. 

** The lever wall must be hnilt in the firmest manner, and run solid, coarse 
by course, with thin lime mortar, and care mnst be taken that the lime has 
not been long slacked. If the house be built of stone, let the stones be 
looc aad large, and let many headers be laid (hroogh the wall ; it should 
alio be a nue, that every stone be laid on the broadest bed it has, and never 
set on ita edge. A coarae or two above the lintel of the door which K-ads 
lothe eoad e naer, bolld in the wall two parallel, flat, thin bars of iron equally 
dinaitl fron each other, aod from the outside and inside of tlie wall, and 
Kaohing tlw whole breadth of the lever wall. About a foot higher in the 
wall, lay at every fonr feet of the breadth of the front, other bars of the 
aane kutd at right angleti to the former course, and reaching quite through 
the thiekocM « the wall, and at each fVoot comer lay a long bar, in the 
middle of the side walla, and reaching quite through the front wall. If 
these bars are It) or 1:1 feet long, it will b« sufficient. When the house is 
bath up nearly lo the t>olt(mi oi the opening under the great beam, another 
double coarse "f bam are to be built in, as bss been directed. 

** At the level of tlie iip[M>r cylinder beams. hrile« must be left in the walls 
fbr their cadi^ *Uh riM>in to more them laterally, so that the cylinder may 
be got in. and emaller holes niu«t lie left qnite through the walls, for the 
iatrodaction of ir<m bars ; which being firmly Autened to the cylinder 
beams at one end, and screwed at the other or outer end. will serve by 
thrir gnine through both the front and back walla, to bind the bouse more 
Armly together. 

■*Tbe apnag btaou, or iron bars ft«tened firmly to them, must reach quite 



throngh the back wall, and bo keyed or screwed up tight, and tbvy ms« 
be firmly fastened to the lever wall on each side, either by iron bai^ fina 
pieces of rtocA, or long strong stones reaching fitf back into the wall \ (!■} 
mnst also be bedded solidly, and the sides of the opt "- - ' " intbeinaal 
manner with wood or stone. The .spring beams nn Ur laM tMl 

inches on each side distant from the workiug beui.. ^ . rves (be On 
tide arches. 

" The hoitse being finished, a wooden platform of 2^ inch plank, n te br 
laid on the lower cylinder beams, and the centre of t> - 
accurately marked on it, four holes are to be bored tin 
beams, fm* the holding'-down screws, and four boxes, about Mrveu or nf a 
inches square, iind iia long as the stone platform is to be deep, ars to I* 
placed perpendicularly over them. Then the stone or brick plalfnmi ia M 
be built up to tlie level of the cylinder's bottom, as shown in the dravtag, 
it must be composed of the heaviest materials which con neadtly mA 
cheaply be prD<.-ured. A very solid pillar of stooe or brick woik. laid ■ 
the best lime mortar, must be carried up directly under the cylinder, sail 
must be, at least, of the diameter of the outside of the flancbea ; lit* rrel if 
the platform may be filled up with the heavy materiala, bedded solidly n t 
mortar of clay and sand, and well tteat into their places, ao aa noer t 
or yield." 

We next have some excellent remarks upon the constmctioo of 1 
and upon boiler-setting : — 

"In making the boiler you should use rivets between five cigblktl 
three founha inch diameter. In the bottom and aidca tits b(»ds < ' 
rivets should be large and placed next the fire, or oa the ostaide, a 
the boiler top the heads should be on the inside. The riveia sboatd Ir* 
placed at two inches distant from the centre of one rivet tu the centrt «/ 
the other, and their centres should be about one inch distant from tbe tdfi 
of the pUte. The e<lges of the plates should be evenly cut to a line, bob 
outside and inside. It is impossible to make a boiler top truly tight wbiok 
it done otberwite. After the boiler is all put together, the edges of ike 
plates should be thickened up, and made close by a blunt chisel aboaf a 
quarter inch thick in the edge inii>elled by a hammer of ibree or t 
pounds weight, one man holding and moving the chisel gradnally. ' 
another strikes. All the joints above water should W wetted with a I 
tion of sal amoniac in water, or rather in tirine, which, by metiag I' 
will help to make them steam tight. After the boiler is set, it aiajr 1 
dried by a small fire under it, and every joint aod rivet above water fHBBl 
over with thin puity, made with whiting and linseed oU, apfUad wilk a 
bni»h. A gentle fire must be continued until the patty b s oomai %•!■ 
hard, so as scarcely to be capable of being scratched Otis' by the IkaaklA 
but care most be taken not lo bum the putty, nor to leave off Are Oili )l 
become dry. 

" In building the brick-work of the boiler-setting, no lime moat be osad 
where the fire or flame comes, but a mortar made of loam or taad and day: 
but lime mortar should be used towards the onuide. Piecea of «U eat 
tire, or other (>uch like pieces of itxm, may be laid madcr (h« rhimr ef tla 
boiler. Itetween it and the bricks, which will prevent it* b«ifli( ao aaoe Imnt 
out there. The brick-work which covers the boiler top ahonU be laid la 
tlie best lime, which will not hurt it there, but will prceenre tt( theaaW 
should be used thin, and the boiler top well phutertd with it, which wB 
conduce greatly to tightness, if done some time before the enginr tw mi m 
work. If your lime be not of tliat species which stands water, tt «iil t« 
well to mix some Dutch or Italian terrass, or pan scr • 
works with it, but in any case the lime should be newly - 
ing up the brick-work round the flues, long piece* of ruiiru ir<>n ukkub ■• 
built in two or three courses to prevent the brick-work ftxan iqdWM 
Four holes at convenient places should be made into the flar«, Iatw <aaaa 
to admit a boy to go in to clean them. One of them ni 
door, and another right behind the damper in the back kKi 
This last may be as high as the Hues themselves arc. Tlir*« holrs. ebA 
not in use, are to be built up with nine-inch brick-work, and made p«ftcdf 
air tight Immediately above the brick- work of the bgUor-aattinf, a hai 
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must be left in the chimney on the ude next the holler. This hole must 
be aa wide as the chimney, and one foot or 18 incbc» high, :uid must have 
a sliding door fitted to it, to open it more or less nt pleasure ; the use of it 
is to moderate Ibe draught of the chimney, and to prevent the flame being 
drawn ap it before it has acted Baffieicntly on tlie boiler. A groove must 
he left in the brick-work for the damper to move up and down in easily, 
which should fit Hat to the face of it. The damper may be made to move 
easily up and down by mean^ of a beam or a wheel, with a counterpoise 
eqaol to the weight of the damper. The best fortn of a fire door is two feet 
long and one foot high, inside lueasure, to have two leaves made of boiler- 
plates hin^red un the two sideis, and over>lapping one another about an inch 
in the middle. The scantling of the frame may be three inches broad by 
two inehes thick." 

We have next some directions respecting- (he formation o-f a refrigeratory 
pond for the hot water. Throwing the water up into the air in the form 
of a )el to cool it was found to be detrimental, as it charged the water with 
air, which vitiated the vacunm. — 

" If you have not land water that will n&tarally rnn into the condenser- 
cistern, you must make a pool somewhere in the neighbourhood to receive 
the water from the hot-water pump, and reserve it fur supplying the boiler 
and condenser-cistern when the engine stands still on any occasion. This 
pool may bo at least 40 feet long, and 20 feet wide, to hold .3 feet deep of 
Muter -, tod pipes or troughs tiaiKt be luid from its bottom to the boiler, 
feed-pipe, and to the cistern. That at the feed-pipe must have a cock on 
pvrpose. It is only meant (hat this p<Kil be simply dug in the earth and 
lined with turf, puddled, or otherwise made water-tight. If no ground 
within a reasonable distance he high enongh for the water to run fruui the 
bottom of the pool into the iHiiler, then a pool may be made on lower 
gToand, and a hand-pump fixe<l up to supply the boiler and cistern ; but 
thtij ought to be avoided if possible." 

Next come some directions for putting the engine together : — 

" Having put the working-beam together, and fastened the gudgeon to 
it, rest it on the plumiuer blocks ; but do not fasten these blocks until the 
cylinder is fixed. 

" Level the ti>p of the stone platform, and lay the outer bottom of the 
cylinder down in its place, truly level, and corresponding to llie holding- 
down screw- boxes. 

" Apply the inner bottom upon the outer one, and set its upper joint 
level, by wedf^ing betwixt it and the outer bottom, if it requires it : then I 
cat out segments of pasteboard, such as is used for the hoards of books (not 
•uch as is composed of paper pasted together); let these segments be 
of such thicknesses as the different parts of the joint may rcijutre (if it be 
more open in some places than in others). Soak these pastebcard segments 
in warm water until they become quite soft, then lay tliera ujMm boards lo 
dry. and when quite dry put them into a flat pan with a quttutily of drying 
linseed oil ; warm the oil until the pasteboard ceases to emit bubbles of nir, 
but take care not to heat the uil much hotter than boiling water, otberw ise 
it will harden or bum the pasteboard. Anoint the segments on both sides 
with thin putty made with fine whiting and some of the linseed oil ; let the 
whiting be very dry, otherwise it will be difficult to mix with the oil, and 
>'. H. thai white lead will not answer in pliice of it. 

•• You must, as much as you can, avoid using more than one thickness of 
pastchf)uni, and the segments should be a Utile broader than the flanch, 
with ftll the holes cut out by a chisel, but not quite so large ns tlnj holes in 
the iron. The sciiments should also be thinned at the ends where they 
orerlap each other, so that they may form, a circle of pasteboard of an 
nnifonn thickness, 

" To pack the piston, take sixty common-sized white or antanred rope- 
yams, and with them plait a gasket or flat rope, tis close and firm bh 
possible, tapering fur Ifl inches at each end, and long enough to go round 
the piaton, and overlap for that length ; coil this rope the thit) way as hard 
as you can, lay it on an iron plate, and h«at it with a sledge hammer until 
iu breadth answers its place ; pnt it m and beat it down with a wooden 
driver and a hnnd-mallet ; ponr some melted tallow all round ; then pack 
iu a layer of white oakum half an inch thiek, then another rope, then more 
oakum, so that the whole packing may have ihe depth of about four inches, 
or only three inches if the engine be a small one. Ca-st segmeulsofa 
circle of lead, about 12 inches long, 3 inches deep, and IJ inch thick, fitted 
to the circle of the piston, and cut down sriuare at both ends ; lay them 
round upon the packing as close as they can lie to one another without 
jamming, and screw down the piston springs upon them; the piston springs 
should be hent downwards at the end next the piston-rod, and a little mor- 
toisc should be cut in (he cast-iron there, for the bent-down point of each 
of them to hnlge in, which will prevent their cuming forwards lo touch Ihe 
cylinder. Previous tn the piston being put into the cylinder, the hollows 
among the crosses should be quite filled np with soUd pieces of deal wood, 
put in radius fashion. The pocking of the piston should be beat solid, but 
not too hard, otherwise it will create so great a friction as to hinder the 
easy going of the engine. Abundance of tallow should be allowed it, 
especially at first ; the quantity required will be less as the cylinder grows 
nnooth, 

" The joints being all made, the regulator valves in their places, and 
their covers screwed on, but no water in the condenser cistern, admit 
■team, and when the cylinder and steam case are thoroughly warmed, screw 
tip the nut* of all your screws, and caulk the pasteboard or oakum of sach 



joints as may require it, with a caulking chisel, until you find that every 
thing about the cylinder is perfectly staunch; then pour three or four feet 
deep of water into the hot -water pump ; slake down ibc injection and blow- 
ing valves, and also those on the air-pump lid ; th<>a let the steam into the 
condenser, which will show the defects or leaks, if there be any. 

" Screw on the steam gauge to the steam case near the nozzle, and be- 
hind the cngine-mau's place ; pour as. much mercury into it as will half fill 
the open leg ; put a flout on it. broad at bottom, but very slender in the 
stem ; cut the float or index off close to the end of the open tube, and fix a 
scale to it, reckoning every half inch the lloat rises equal to an aogmenta- 
tion of the ehKlicity of the steam, corresponding to the supporting of a column 
of mercury an inch high, because (he surface has sunk as much in the one 
leg as it has risen in the other. Solder a small copper fosset-pipe, to fit ilie 
copper commuoicaiing tube of the barometer, iuto the eduction-pipe, Vi 
inches under (be fos^ec of the blowing valve, and on (he opposite side of the 
eduction-pipe ; place (he barometer iu the dour-way to the condenser on 
the further side from the plug-tree, lo that the engine-man may see it when 
■t bis station ; join the copper tube to it by pouring melted sealing-wax 
into the copper cup at top -, fill the short leg of the barometer with mer- 
cury, within four or five inches of its top, and put a light float in it, loof 
enough to reach to the top of its frame. 

" Fill the condenser cistern, shut the lower regulator, and there being no 
steam in the cylinder, or its communication with the boiler being cut off, 
take off tlie bonnet or cover of the exhaustion regulator, shut that regu- 
lator, and work the air-pump by meonii of the brake. If then you find 
that air enters by the r^gulntor, pour some water on it, and continue pump- 
ing until y<mhave raised the linroiueter, i. e. sunk its flout, to 27 or 28 inches; 
leave off pumping, and observe if the racMuin coiilinues good, or is a long 
time in tieing destroyed, If it looses fast, se<;k for the leaks, ^hich must 
be somewhere iu the eduelion-pi|)e, and will make a noise if touched with 
a wet hand (observe if the condenser moves by the pumping, and secure 
it). Af^er having cured these leaks, you may try the tightness of the 
cylinder by staking the working-beam, so that the piston cannot descend ; 
then taking the cover off the cylinder, open the esthausiion regulator, and 
shut the steam regulator ; on beginning to pump, you will {M;rceive if the 
piston he tight ; if it is not, it may he beat a little, and some water being 
thrown upon it, and on the steam regulator, whatever air enters must be by 
leaks, which must be sought for and cored by screwing or caulking iu oakum. 

" N. B. A critical tightness in the piston cannot be obtained until the 
engine has gone a few days, without beating it too hard, to permit the 
engine to move easily. When you can detect no more leaks in this way, 
tbe steam must be admitted, and the same examinatiuD mode as before. 

" After the engine lias been set a-going, and has gone a few boars, the 
holding-down screws should be screwed tight, and so from time to tiiue as 
they become slack ; and iu like maimer all the other screws about the 
cylinder or nozzles should he screwed up as they slacken, imd the joints 
canlUed and puttied where they require it. 

We have next directions for working the engine: — 

" To set the engine a-going, raise the steam until tbe index of the steam 
gauge comes to three iBclies on the scale ; when the outer cylinder is fully 
warmed, and steam issues freely on opening the small valve at the bottom 
of the siphon or waste-pipe, which discharges the cnndensed water from 
the outer t>ott<im, ojK'n all the regulmors; the steam will then forcibly blow 
out the air or water contained in (he eduet ion-pipe, hy the blowing-valve, 
but cannot immediately take place if the air is in the cylinder itself; to get 
quit of it, afler you have blown tbe engine a few minutes, shut the steam 
regulator ; the told water of the condenser cistern will condense some of 
the steam contained iu the eductioc-pipe. and its place will be supplied by 
some of the air from the cylinder; ojx'o the steam regulator and blow out 
thill nir ; and repeat the ojK'ration uniil you judge the cylinder to be cleared 
of air i when that i* the ca.-ie, shut all the regulators, and observe if the baro- 
meter shows that there is any vacuum in the eduction-pipe ; when the 
barometer gauge has sunk three inches, open the injection a very little, 
and shut it again iminediately ; if this produces any considerable degree of 
vacuum, open the exhaustion regulator a very little way, and the injection 
at the same time ; if the engine docs not commeoce its motion, it must be 
blown again, and the same operation repeated until it moves; if the engine 
be very lightly Loaded, or if there is no water in the pumps, you must be 
very nimble and shut the exhaustion and top regulators, so soon as it he- 
gins to move quickly, otherwise it will make its stroke with great violence, 
and perhaps do some mischief. To prevent which, open the lop and ex- 
haustion regulators only a little way, and put pegs in the plug-tree, so that 
(hey Tuay be sure to shut these regulatois long before the piston comes lu 
the hdttom. 

" If there is much unbalanced weight on the pnmp-end, you must al.sii 
take care to put a peg in the ladder which guards the steam-regulator lever, 
so as to allow that regulator to open only a little way, and so to lessen the 
passage for the steam, when it enters to fill the cylinder, otherwise the 
rods, &c., at the pump-cad may descend too fast and be prejudicial ; if y ou 
find, after a few sirokes, (hat the engine goes out too sIom-, ilie M-.-am. regu- 
lator may be opened wider. In order to regulate the opening af the ex- 
haustion regulator, you should have pieces of boanJ, of various thickuesses, 
to put under (he weight which pulls it open, by means of which it may be 
mude to opsti more or less at pleasure, and tbe top regulator may be 
managed iu the same manner, 
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" Should the engfine vork with two gre&t violence, on »ccoant of its 
being uncU'rloodeil, you may correct it by giving the top regulator a lesser 
op(''niDg^, and shutting it at such a part of the stroke as will jun give the 
pifiton sufficient force to come lo the bottom. Whenever the top regntalor 
is used, the exhaustion re^^lator shoald be thrown fully open every stroke, 
in order to give a free exit to the steam, on which a great part of the good 
effects of the top regnlator depends. 

" The engine should always be made to work full stroke, that is until 
the catch-pins come within half au inch of the springs on each end, which 
is ea.sily tniinaged by an attention to the (>ega. Care must be taken ilmt the 
piston rise high enough in the cylinder when the engine i.s u( rest, ti> spill 
over into the perpendicular steain-pipc any water which miiy be cundensed 
above it ; for if any water remain there, or in any other pan of the cylinder 
while it is working, it will very much increase the consumption of stcain. 
When the engine is to he .stop[>ed, shut the injection and secure it ; put a 
peg in the plug-tree to prevent the exhaustion regulator from opening, and 
take out (he peg on Ihe other side, so as to allow the steam regulator to 
open and to reniaiu open ; otherwise you may have a partial vacuum in the 
cylinder, and it may be filled with water from the injection or leakages, 
which is a troublesome accident. The Cop regulator should also be open 
while ibc engine stands. 

" \\'hen an engine is in tolerable good order, it will bear to stand ten 
minutes, and go to work again without blowing afresh; and though it has 
stood two or three hours, if (here ha« been any steam is.suing firom the 
boiler, and no air has been admitted into the cylinder, it will generally go 
off with once blowiug for abtmt a minute. 

" If you find, after following the above directions, that the engine does 
not go to work, shut the exhaustion regulator, and give some iiijectiuu; if 
it then makcft no vacuum, it is likely there are air lcak» about (he eduction- 
pipe ; if it doea make a vacuum which remains but a short inno, it may be 
owing either to ur or water leaks; these may he distinguished by blowing 
as before, and shutting the lower regulator for about n minute, without 
giving any injection. If, upon opening it again, it throws out a gocxl deal 
of water at the blnwing-pipe before it blows steam, it is certain that it 
either has some leak in the condenser under water, or that the injection 
or blowing valve does not shut close ; if they are found io shut close, every 
joiitt should be examined, and also the valve at the foot of the eductiou- 
pipc 

" If, after blowing as before, ynn find that immediately on opening the 
exhau.stion regulator, a riuantily of air is thrown out at the blowing- valve, 
the leak is in the eduction-pipe somewhere between the surface of the 
water is the cistern and th« nozzle. The particular place of these leaks 
may b« found, by emptying the cistern of water, potting three or four feet 
deep of water into the hot-water pump, and staking down the blowing and 
injection valves with thoseon the air-pump lid ; then, if steam be admitted 
into the eduction-pipe, it will come out at the leaks, and point them out 
If not foimd out in this way, apply the brake lo the air-pump, taking care 
flrrt to put some water on its bucket, and then by working that pump by 
band, you will pnibably, on an attentive cxaminulinn, observe where air 
poe» in, which may be known more distinctly by wetting the place 
BO-specti'd. 

" If upon shutting the lower regulator and making a vacuum in the ex- 
haustion pipe by pumping, or by injection, yuu find that vacuum continues 
good for a considerable time, then the fault docs not lie in the eduction- 
pipe, but Ln the noixle or joint of (he cylinder bottom, where it must be 
■ought for. 

" In these examinations by pumping it is proper to take off the bonnet 
or cover of the eshau:*tion regulator, and to examine if air eaters at that 
regulatory if it does, and only in small quantity, throw some water on the 
regulator while you are examining the eduction-pipe ; and when the teak 
is suspected to be in the bottom joint of the cylinder, or in the lower onzxle, 
joui must throw some water on the steam regulator, and iilso r>n the piston, 
then, by pumping and strict examination, you will soon find wht-re the air 
enters. When you are examining the tightness of the pialoii by pumping, 
yim must stake the beam, so that the piston may not descend. 

" If in course of working you do not And the vacuum keep good, and 
the engine goes sluggishly, or stops and retjuires to be blown fre^quenily, 
you must examine whether an uncommon quantity of air or water issues 
at the hot-water purap, or if any comes out at the valves on the air-pump 
lid ; if the quantity of air is great, the engine has some air leak; and if the 
quantity of water be great, and is rather cooler than usual, it proceeds from 
a water leak in the condenser ; if the quantity of water be great, and at the 
same time very hot, it proceeds from a bad piston, or {torn the steam regu- 
lator not shutting close. 

" The engine will also go badly if the air-pump or water-pump hnclceta 
or clacks strip the water, that is, k*t it pass by thcta. You will know if 
this be the case with the water-pump bucket, by observing whether the 
water follows down after it at the return of the siroki?, and leaves a part of 
the pump empty; if it does not. either the bucket strips the water, or the 
engine receives waier in some way which it ought not. 

" Attention ought to be given to feeding the boiler in a regular manner, 
that it may not be spoiled, nor steam wanted. \VTi-n there is loo much 
water in the boiler, the engine will not work reguUr, and if there is too 
little, the sides ot the boiler will be burnt by the fl.mie in the flues. If by 
Accident it should at any time run a tittle too low, the feed should be aug- 
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mented, so as to fill it gradually; for if you run in too much at once, y* 
will cheek the steam, and stop the engine ; but if it be run very low, st 
the engine, open the puppet clack, and till the boiler from the pool or i 
servoir, if you have one ; otherwise fill it by working the air-poiup, havi 
first staked down the valves on its cover, and opened the injection-vali 
In working the engine, the steam ought to be strong enough to make tl 
index of the steam gauge stand half an inch high at least, otherwise ; 
will enter at the joints of the boiler, &c., and spoil the vacuum, so as I 
cause a good deal of trouble to get quit of it again. Therefore if you ] 

ceive ttie steam gauge to be lower, stop the engine until it rises again. 

a little attention, you will find the proper opening of the feedijig-cock for 
any rate of working. 

" Let all the coals employed to feed the fire be thoroughly watered jtwt 
bi-fore thuy are thrown on, as that will prevent their being swept into the 
flues hy the draught of the chimney. 

" The fire should be kept of an equal thickness and free from open places 
or holes, which are extremely prejudicial, and should be filled up as soon 
as they appear ; if the lire grows foul and wants air, by clinkers collecting 
on the bars, they must be got out with a poker, but the fire should be as 
little disturbed in that operation as possible, and the greatest care taken not 
lo make any cuals or coke fall through which are not thoroaghly con- 
sumed; it is very common for a fourth of the whole coals to be wasted il^^^ 
this manner, by mere earelessuess. When the fire is newly made, ti>f^| 
damper shnidd be raised a little, so as to let olf the smoke freely, bdj^l 
should bo let down lo its proper place so soon as the smoke is gone off. 
The air door in the chimney should be always open more or less ; it pre- 
vents the flame from being sucked up the cliimney, and very con.siderablj 
increases the effect of the cools. Once a month the boiler and flues oug 
to be cleaned, or oftener if the water be very sulgect to incrust the boU«i 
Every morning the iLshcs ought to be token out, the engine-house swe 
clean, and a view taken of every part of the engine, to see that nothing 1 
working ont of its place, or want oiling. Particular attention ought to be 
paid CO the bolts and cutters of the great chains and piston rod, so that 
none of them get liwsc. t 

" An engine, when in good order, ought to be capable of going so slow 
as one stroke in ten minutes, and so fast as ten strokes in one minnte ; 
and if it does Dot fulfil these conditions, somewhat is amiss that can be 
remedied. ^^ 

" The hot water should issue of (he heat of 96 degrees of Fahreaheit'^H 
thermometer, that is, blood warm^ when the engine is in exc^dlent ordef|^| 
and should never exceed the heat of 1 10 degrees, unless when the injeciioo.- 
or cold water is hotter ihuu 70 degrees, and in th&t case the vacuum will 
not be good. 

" To make puity for nwking or repairing the joints: — Take whiting, or 
chalk finely powdered, dry it on an iron plate, or in a ladle, until all the 
moisture be exhaled ; then mix it with raw linseed oil, and beat or grind 
it well, adding more oil or whiting, until it be of the consistence of thick 
paint, and perfectly free from lumps or inetjuolities. 

" For some purposes where the putty is wanted to dry and to be very 
sticky, use painter's drjing oil, which is made by boilbg the oU with & 
small quantity of litharge or red lead. 

" Where the putty is wanted lo continue always soft, mix about two 
ounces of batter or common salad oil with each pound or pint of the lin- 
seed oil. This soft putty is principally useful in the caulked joints of the 
eduction- pipe, above water. — N. 11. White lead will not answer in place or 
the whiting. 

" No wet cloths should be suffered: to he laid on the cylinder, boiler, or 
steam-pipes, and ertry part containing stetun should be guarded as much 
as possible from the influence of cold air or water 

" The proper grease for the piston and cylinder stuffing-box is melted. 
tallow, and for the chains, gudgeons, &c., common Spanish olive oil (called^ 
salad oil), which, for some uses, may be Chickened by dissolving some tallow 
or butter in it by means of heat. Linseed oil should never be used a^^ 
p^ase, as it dries and cre.ites more friction than would hove been withooH^- 
it. Hogs' lord, or train oil, if applied any where about the cylinder, o^^^ 
where it is hot. will thicken like linseed oil. Whea the oil or grease aboa-^ 

the great chains, or any of the working parts, grows clotted or very thick . 

it should be scraped off before new grease is added. 

" An improvement has lately been made in the covering boiler to; 
The setting being huilt up to nine inches above the flues as usnal, a cou 
of horse or cow dung, three inches thick, and well heat, is applied to t 
boiler top ; on the outside of tli.at i.«s laid some good lime mortar, about i 
inch in thickness, to which is ajiplied a course of bricks flatwise, with tin 
ends upwards ; on (he outside of that another course of bricks (also laid 
good mortar) in (he sanie position, but so as lo break joint with the fii 
course ; in which manner the covering is carried on until the whole top 
covered, taking care lo leave an opening for the man-hole : every flan 
may be thus covered ; and when well done, it effectually makes the t 
steoiu light, and also defends it from cold and rain, so that a biiiler-house 
not neccs,sary. The mortar employed must be such as stands water." 

Finally we have some " Additional Observations," sapplemeniary to ■ 
foregoing, and which are as follow ; -^ 

" Instead of using painters' drying oil lo make the joints with, take 
taw or unboiled linseed oil, put it in an iron pot. place it over a gentle 
(out of doors, but protected from rain), let it be watched as it heats. 
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l« Tcry liable to boil over ; 
but cootinae to best the oil. 
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stone or piece of iron, you find i( is, irhea cold, of the thickness of thick 
tar or treacle. The pasteboards for the joints arc to be soaked in this oil 
warm, or pointed over vith it, and bid in a hot place to suck it up -, and it 
is also to be used to make the putty with. 

" The oakum with which «he joints are caulked should be well smeared 
with the strong or thick boiled oil mentioDed in these additional directions. 
If the under side of the pipe of the inner bottom does not fit close to the 
lower edge of the opeaing made for it in the outer bottom, that is to say, 
if the space left there for pasteboard or caulking be wider than one quarter 
of an inch, a piece of hammered iron an inch and a half brond must be 
forged of such thickness as to fill up the space, so as to make it tight by the 
help of a thickness of pasteboard above it, and another bctow it, J<ead 
ought not to be used in thtse cases, as its expansion and contraction by 
beat and cold an^ too gri-at. Instead of putting a prop from the nozsle tn 
the ground, it is found butter to put a balance beam off sideways imder the 
fluor, with a short upright haviug a tlat end to take a broad bearing under 
the noisle. The weight of the balance should not support more than two 
third-s of the weight of the noizle. 

" Some people use a plaited rope to make the joint of the cylinder lid, 
which is a hatl practice ; for though a plaited rope may make a joint appa- 
rently steam tight, yet it has b«en found by ex|)erienee, that such jointx 
are not air tight ; but when, by the working of the tup regulator, a pttrtial 
vacuum is produced in the upper part of the cylinder, they permit some 
air to enter im|X'rceptihly, and without noise, which, of course, i>assc8 to 
the condenser, and by persons that are not aware of this circumstance, may 
be thought to enter at some air leak in another place, Wc therefore re- 
commend that this joint be always made with pastebc^rd and putty ; and 
that a strict attention be paid to the lightness of the 6tuffing-l>or, wherever 
the top regulator is used." 

In the 0>rni8h engines, as we have already mentioned, great dimination 
in the consumption of ftiel has taken place since Mr. Watt's time, chiefly 
by the larger application of thu principle of expansion. Taylors S5 in. 
cylinder engine, erected at the United Mines in 1840, roachi'd in 1942 an 
average duty of 107 millions of pounds raised 1 ft. high with a bushel of 
coals. In this engine the pressure of the steam u 40 lb., and it is cut off 
at one tenth or one twelfth of the stroke. To diminish the risk of fracture 
in engines using such high steam, Mr. Sims, of Redruth, has cootriTcd a 
plan of double cylinder eagine, which is much simpler in Brrungcment than 
those hitherto employed. The small cylinder here stands on top of the 
large one, and the same piston-rod passes through both. The same number 
of valves too that is used in common pumping-engiues, stdfices in this 
modification of the double cylinder plan. 

The Cornish engines are always provided with a steam-jacket, but 
throngh this jacket the steam does not pass in its way to the cylinder. 
The steam jacket is kept filled with steam by a branch from the steam- 
pipe, which is about 4 in. in diameter in large engines. The clothing ap- 
plied to the cylinder is very various : a common plan is to inclose the 
cylinder in a brick wall, leaving a space between them ; to plaster the wall, 
and coat it with timber. The cylinder cover and cylinder bottom are usu- 
ally made hollow, and filled with steam : they are then carefully coated 
with non-ronduetrng materials. « 

The maiu beam of the engine usually consists of two cast-iron platej^ 
bolted together, and armed with projecting boms to catch the spring beams, 
should the piston be disposed to strike the b{>ftom of the cylinder. From 
the beam hangs the plug-rod, by which the valves arc moved by means of 
some such arrangement as that shown in Jip. 23i). which differs in some 
respects from the C'omi.sh form. The valves of the Comish engine erected 
by Mr. llosking at Vauxhall, and of which we have given a plate, are shown 
on a large scale iajiys. iH). 241. and 242. These valves are of the equi- 

FUf. 240. 
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iibrium description. la 240. and 241. the yalve to the left is the governor- 
valve, by the adjustment of which the flow of steam to the cylinder is 
regulated : the centre valve is the Rteam-^•alve, and the valve to the right 
is the equilibrium- valve. Fig- 242. represents the eduction-valve, which, it 
will be remarked, is larger than the others, so as to afford a fi"ee exit for the 
steam into the condenser. Three-quarters of a square inch per horse 
power is a common size for the steam-valve in rotative engines, famished 
with spindle-valves ; and a square inch and a quarter per horse power is a 
common si^e for the eihattstion-valve. 

The plunger-pump is the pomp universally used in the Cornish ounei 
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J and it is much preferable to (he lifting-pampt, inasmocb M it eaa \* 
■freab, or the packing may be tightened, with much greater tMtaHJXj tlaa 
ctn be done in the case of a liftiog-pump, while the friction is u tbr aai 
time lets. The sb^iA is divided into a sacceMion of liftj« io vhieh ^ 
water of the lowert lift is delivered to the pump next aboTe it, md ■> tfkli 
soccetsioD uDtil tha w&ter reaches the sorface. The plangrrvpnnip it aal 
in all these lifts except the lowest, where the lifting-pump ia oaod, witk lit 
view of obriating incnnvenieace, should the water fKna deVHMiaieat is At 
machiner}-, or otherwise, rise so hi^h in the mine as tnmldauiutkt (•!*■ 
and barrel of a forcing-pump inaccessible, and also cm meeauax of lit 
&cilitiet afforded by the lifting-pump in the drainage of the watrr as i&« 
mine is sunk deeper. The plunger-pump was invented aliout twi> rentana 
ago by Sir Samuel Morland, and was introduced into the Comidi '"f'* 
by Murdoch. Its use obviates the necessity for as large ■ ooiuMrwMl 
as would otherwise be necessary -, for the force of the eogitfr a*e>pMiHii 
lifting the pump-rods, and the water is forced out bjr tlM w«igil if Ai 
pump-rods in their descent. The pump-rods of soaae of tke 
however, are too heavy for the engine to lift, and part uf the wajgls 
be taken off by one lever or more, provided with connterlwlaaot 
placed either at the surface or in some convenient nA 
llie main pamp-rod of Davy's engine at the ContolidatAd Mh w a , It «■»■ 
third of a mile in length, and weighs VS tons. The other rwU weigft «• 
tons, making a total weight of 135 tons, of which yj only arc watitid to 
balance the water in the pump, and the greater pan of the tnwnitngW 
b balanced by weighted levers, or as they are termed, **b«laiiee bote", rli 
main pump-rod is usually compooed of balks of Hemel tuabcr* mJL A 
tntert-als down the sides of the shaft projecting pieces are ballad Oi^ vIM 
catch upon suiuble timbers let into the sides of the shaft, to pl«««M At 
rod ft-nm descending too for in the event of ftmcturc above. The mi ii 
guided at intervals by appropriate ftumes. There is somrfhiag mfetf 
primitive in these expedients, and it appear* to us not improbabl* tte A* 
whole of this cumbrous apparatus will hereafter be supersHle<d by w^ 
chinery operating by atmospheric pressure, whereby the ponp-rodi wiB 
be rendered superfluous, or else by the centrifugal pump ; and a HDafi 
engine, working at a ({uick B[)eed, will suffice for working such an a^ 
paratus. 

We have already given, in our remarks upon the subject of boilerv ikt 
chief results of the Cornish practice as regards the ecoaomiwrmii of fcii 
Into that question we need not again enter, but may here ^ve tlM ranli 
ascertained by Mr. Enys of the operation of nme of the principal Conddk 
endues. 
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Fig». 244, 245. 
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A baihal of cod WH atdakted by Mr. Watt to weigh 84 lb. : the Welsh 
eod, howcTcr, b d«SMr tbm the other kinds, and a biubel of the cool ouw 
nted in Comwall welgbi M Ib^ 

XOTATIVE CNOl.VES. 

We have already expretsed oar beliiff that rotative beani*ei]gine« mast 
be tapeneded, even for land porposci, either bjr the oscillating or some 
other tpcdec of direct action engine ; neverthclcas, as all pcraon* may not 
be of this opinion, and as this snpcrcetsion has not vet taken place, we 
thtak it neceswrjr to give the chief detail* of a rotatiTe engine, and have 
•rlcct^d an engine of Mecara. Caird's for this purpose, represented in fig. 
X49, which i» a general elevation. 

Fif. S44. and S4a. arc enlarged views of the working-beam, which is of 
cMt-iraa i ud fig$, S46. and 347. are sections of the same. The sixes of 



Fif. S46. 



Fig. 947. 
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1 0* woaann-MAa ar csimu. 



|l 



••cTM* or iro«auio.Buii ratoeoa r d. 
■I foot. 



this bMm afTM, with lolerahk setmeH, with those giren in our ubies of 
dkMiMioas. Th« depth of b«ui at tht ccntrv is usually abont eqoal to the 
dJUMtar of the cylinder, and the depth at the cads is generally made about 



one-third of the depth of the beans at the centre. The lesipth of 
is generally about three tiroes the length of the Etroke, and Uw \ 
^th uf the length. By the thicltneu is meant the mean thiekiMM -■ 
i'dge-bead is usually 1} time the thickness of the web. 

Fiy. 24*f. is the ca<t-iron main centre of the working-bnm ; Ji^ $49, » 
the cast-iron stud for the main linkfi ; fig. 2.'>0. ii the connrctiag^fol I 
of cut-iron ; ^ly. 291. is the wronght-irun stud for the air^poa^} 
252. is the wrought-iron stud for the hot and cold water paapa. 

Fi^. 248. 
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Fig. 251. 
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The diameter of the end stads of the beam is generally made abast 
the diameter of the cylinder when the studs are of cast-inx, 
the diameter of the cylinder when they are of wrooght-iron ; bat iSwl 
proportion is preferable, as the wear of the brasses k then l«as tmaJL 
u a common fault to make bearings too small, fhm their pfopanaaa^ 
being viewed with reference only to strength, whereas it abotUd als» W 
viewed with reference to wear. 
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F?94. 353. and 254. are yiewn of the piston-rod clatcli or cross-head. 
The piston-rod passes into the round hole in the centre of the clutch, and 

Figs. 253, 2S4, 
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the main links encircle the projectiRg bearings, and join the clutch wiili 
tJhe main h«am. Fit). 355. represeata the croaa-head gibs and cutter. 

Figt. S56. 3S7 Fig. 25S. 
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Fij^. 25G. and 257. represent the main links ; jig. 258. the pillar of the 
main link, whtch is interposed between the upper and under brasses ; and 
j^(/«. 259, 2Gt), and ■ifil. the upper brass and piilar plate of the link. Fig. 
262. represents the ^bs and cutter of the main links. The sectional area 
of the main links is luually made aboat ijjth of the area of the pistoti. that 
of the pititon-rod being -iJijth. To find the proper sectional areo of the 
main links, a common rale is \fy divide the square of the diameter of the 



Fiji*. 259, 360, 361. 



Fig. 262. 
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cvlinder by 144. The len^h of the main links i« usually about the 
as the length of the crank, -which is half the stroke. The main beam is 
alwaya aomewhat longer than the distance between tbe cylinder and 
crank centres, and at the cylinder end the iH>rpeD(licular centre line dirides 
the versed sine equally. The angular motion of the beam is about 38 de- 
grees during the whole stroke. The length of stroke is the chord of the 
arc the centre of the end pin desci-ibes, and the versed sine represents the 
amount of deviation from the perpendicular, which is called the vibration 
of the beam. The beam being thrcL- times the length of the stroke, the 
distance from the maia centre to the cud .stud is one and a half times tbe 
length of thi' stroke, and -with these prtipartjons the end stud will deviate 
from the perpendicular one inch for every four of stroke. To find the 
amount of vibration of the end stud: — from the Rqi;i.are of the radius in 
inches described by the stud subtract the square of the length of the crank 
in inches; extract the squure root of the reniainderj which deduct from 
the radius in inches. To find the proper distance between the main centre 
and the cetilre of the cylinder: — add the above-mentioned square root to 
the radius of the lever in inches ; half their sum will be the horizontal 
distance in inches. 

The main centre of a land engine beam is usually fixed in with keys: 
the other centres are sometimes fixed with keys, and at other times they 
are ground in, which appears to be the preferable practice. The beam is 
set upon iti< edge, on two blocks of wood : a straight edge is applied to 
ascertain if it is nearly straight, and if bent or twisted it is brought straight 
by being hammered with the face of the hammer, though this practice 
weakens the beam if carried far. A cross piece of wood is put into each 
main-centre hole, upon which the central [mint is marked ; the beam is 
pinmbed, tbe end centres are put through, staked with wedges, and levelled 
W means of a short level with two legs passing down from the ed/reof the 
beam. The lengths from the main rentre are next ascertained to be right, 
and the muiu centre is then put in. using the end centres as (mints to mea- 
surefrnm. Finally, the keys are fitteil. This is the mode of procedure when 
the holes for the cpntr^s are not bored out It is expedient to put a centre 
line on the edge of the Wuin to fix the i>osition of the studs laterally, and this 
is generally done. The force acting at each end of an^ngine-beam may be 
taken at 14 lbs. per circular inch of the piston, or, if the beam be supposed 
to be supported at both ends, it may be taki-u at 28lbs. per circular inch 
acting at the centre. The depth of the beam at the ends being one third 
of the depth at tbe middle, to find the dimen^iions at the middle, divide tbe 
weight in pounds acting at the centre by 250, and multiply the quotient by 
the distance in feet between the supports. To find the depth, the breadth 
being given; divide this product by the breadth in iuches, and extract the 
square root of the quotient, which is the depth. It is expedient, however, 
to make main beams stronger than is indicated by any of these rules, as a 
higher pressure of steam is now used almost universally than was employ ed 
by Mr. Watt. In our table of ihe dimensions of beams at the centre, the 
figures given are understood to represent the web of the beam, or the di- 
mensions within the beads, if (he pressure of the steam be above that 
of the atmosphere. 

We now come to tbe parallel motion. Figs. 263. and 264. represent the 
radius bars. w^Afigi. 265. and 2C6. the parallel bars. Tbe screws at tlie end 
of the parallel bars enter holes in the cross bar shown in figt. 267. and 
2f)8., and to the exterior bearings of the same cross-bar the radias-bars are 
attached, the other ends of tho^e bars being atti\ched to studs fixed to the 
spring beams in the line of the piston-rod. 

Fig», 36U. and 270. represent the back links, the upper brass of which 
encircles the air-pump stud in the beam: the middle brass receives the 
ero«s-bead on the top of the air-pump rod, and the lot; est brass coDneciit 
with the cro6a-bar of back links, fiq. 268., through tbe oval hol« iu which 
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the parallel and radiiu bars may be made of the same length, and this is in 
every way a preferable arrangement. 

The back links and the main links are slways of the same length, and 
thfir length was, aocording to Mr. Watt's practice, three-sevenths of the 
Btrokf, but they are now generally made half the length of the stroke, or 
the length uf the crank, as we have already stated. The sir-pomp cross 
head is inserted in the back links at the middle of their length. This 
point in the back links moves, it is obvious, in the vertical line, for as the 
top of the links follows the motion of the main beam, and the bottom that 
of the radios bars, which have the same radios and the same length of 
motion as the stud in the beam from which the links are suspended, the 
central point of the links will have motion in a curve equally removed 
from that of each end, which will he a straight line very nearly. The line 
traced by the parallel motion is not precisely a straight line, but a species 
of S curve; it approaches to a straight line, however, witli sufficient near- 
ncM for every practical purpose. Notwithstanding the elegance of the 
parallel motion, as an expedient for maintaining the perpendicular position 
of the piston-rod, it is qnestiooable whether guides are not to be preferred. 
tn America they are very generally nsed, even with very long strokes and 
▼ery short beams : and in some of the steam vessels in this country they 
have been substituted with advantage. The adjustment of pamllel motions 
is a difficult task in the hands of ignorant persons ; and unless the parallel 
motion be very true it will be difficult to keep good packing in the stuffing- 
box, and the cylinder will speedily be worn oval. If guides be used, it 
appears to us expedient that they should consist of strong round rods, and 
that the eyes at the ends of the cylinder cross-head should be formed into 
•tuffing-boxes, which may be tightened up when the holes wear. The ends 
at the rods must rest in sockets cast on the cylinder, and the cylinder 
cover should not be made tight with gasket, which may be compressed 
more in one part than in another, but should he formed with a metallic 
joint If a parallel motion, however, be preferred to the guides, we should 
soggest its being made in fewer pieces. We see no use whatever in 
nuluug the main or back links to consist of pillars and straps. Engineers 
have become wedded to this species of architecture, and the combination is 
satisfactory to their associations, but unbiassed judges, we humbly concetve, 
would prefer suitable pieces of solid iron, wiUi holes and brasses in the 
right places. If guide-rods be used, however, such as we have suggested, 
it will he necessary to mikke the lower portions of the main links with 
straps and cutters, as in the connecting-rod of a marine engine ; as the 
stuffing-boxes at the ends of the cross-head, fur the reception of the guide- 
rods, could not be passed through holes an the links. 

Fig*. 271. and 272. represent the air-pomp croti-head, which fits mto 
the central bnu«es of the back links. Fig, 273. is the pillar which fiu 

Figt, 271,272. 



T 



r 



— H 



l-PCMP HOD CIOW-HKAP, 
1^ lnch=l loot 



between the brasses ; taidjigt. 
274, 375, and 27G., are differ- 
ent views of the brasses, &c- 
of the air-pump cross-head. 
The proportions of variona 
parts of parallel motions we 
have already given in page 
13<>- the parts appertaining 
to the air-pump are made of 
the file that would be requi- 
site for a eyibder of the 
•lune diameter. 

Fi0i. 277. and 278. are 
Tiews of the connecting-rod. 
which is of cast-iron. Mal- 



Fig. 273. 
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lesble iron connecting rods are now coming into 
use for land engines, and they are in every way 
preferable. When the connecting-rod is of cast- 
iron, of the form represented in the figore. the 
breadth across the arms of the croas is made about 
^th of the length of the rod; the sectional area at 
centre of rod j'jth of the area of the cylinder, and 
the sectional area nt ends of rod ^th of the area of 
the cylinder. Fig. 279. shows the form of sec- 
tional area at centre. The length of the connect- 
ing-rod is generally made about three times the 
length of tiie stroke. The diameter of the crank 
pin is about one sixth of the diameter of the cy- 
linder, and is generally made of cast-iron in land 
engines. The gudgeons of water wheels are 

generally loaded with about 500 lbs. for every circular inch of their trans- 
verse section, which is nearly the proportion which obtains in the end stoda 
of engine-beanifi, but the main centre is usually loadled beyond this propor- 
tion. To find the proper aize of a cast-iron gudgeon adapted to sustain « 
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'■ItM wtlfht, mu]ti|ily the weight in p<innd« hy the intended length of 
DMriag fijiroMetl in tmriK of thi- diameter, divide thi> pnxluct by SIH), and 
VXtrwt the Mfuarf r<«>t of the quotient, vfaich is th* diameter in inches. 
For malleahle inm the operation Is the same* but the divisor may be niitde 
1000 itiMirad of AtK». Thew strengths »re not intended to resitt torsion, but 
*rr thmu* pmjH*r for ^idgeons. Kxp<"riments upon the force requisite to 
lwi« off CMt-irtm neeks nhow, thai if the cube of the diameter of the neck 
in iurhe* Ite multijiUi'd by 880. the pitHlnet will he the force of torsion in 
pnund* which will twitt tliCBt <^«nen acting at 6 inches radius. The 
strength for e»«t-ir<^n omV ahafta n«T he determined by inultiplyiDg the 
itquarr of thr iliaim-ter of the cylinder in inches hy the length of the stroke 
in feet, luultiplyiug hy the« decituaJ 'l,'*, and extracting the cube root of the 
pnHtiiel, which i» ihi« pro|>er diameter of the Rhafl-neek in iuches. This 
nile Ima Tvfcrence not nicrvly to torsion, but aUo to the streugth a£ a gud- 
geon Bowinary to uMain lli« fly-wheel. 

WvImt* ulrMdy, in Mgw 1(7. and 16S.. given rales for determining the 
praptHttona of lly-whe«la. Menra. Fenton and Murray use the following 
ritle for dHi-nninlftg the weight of the fly-wheel, which is timpler perhapc 
than ihitte we have given: — Multiply the nunaber of horses power of the 
MftM \ff 9000, and divide the prrtduct by the square of the velocity of the 
afnoiftrHiO* of the fly-wheel in feet per second : the quotient is the 
propir weight of thr fly-wheel in hundred weights. To find the weight of 
Ikv riaof ■ rty^whevl in pouitdv multiply the mean diameter of the rim in 



feet hy the area of its transverse section in sqiure hches, and multiply the 
product by 9-817 lbs. This gives the weight of the rim in pounds w^ben 
the sectional area is determined!, as may b« done by the role piren at page 
157. Mr. Farey gives the following rule for determining the proper qaan- 
tity of cast-in>n in a fly-wheel in cubic feet : — Multiply the mean diuneter 
of the rim bv the number of its revolntions per minnte, and square the 
product for n_^divisor; divide the number of horse power exerted by the 
engine by the number of strokes the piston mokes per minute ; multiply 
the quotient by the constant number 2,76O.0oo, and divide the product by 
the divisor fotind as above. The quotient is the requisite quantity of cast- 
iron in cubic feel to form the fly-wheel rim. 

In Im-ge engines each arm is cast separate, and after having been fitted 
to the central boss, the rim of the wheel is fitted to the arms tn cegments. 
In null engines, such as that of which the fly-wheel is shown in^. 280., 
aa mnn and a segment are generally cast together. In mill engines it ap- 
pears expedient to work with a short stroke and rapid piston, whereby the 
fly.vheel it made more effectual, or a smaller one will suffice. Combiocd 
oscillating engines, working with a high speed, will probably come into 
extensive use for turning mills ; and if the arrangements be jodiciooaly 
made, the fly wheel may m time be dispensed with altogether. 

We have given rules for proportioning cast>iroo cranks ia page 156.. and 
have little now to add upon the subject We do not approre of the plas of 
putting cast-iron cranks on hot, as the eye is liable to be cracked in tha 
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process : it 18 preforablti, we conceive, ta grind 
tbem upon the shaft, uid then to flx them by 
meaag of a strong square key, such aa Chat 
shovn \nfig. 282, Id cranks vhioh arc put on 
hot it is expedient to reces* the crank tve a 
little, so as to enable the collar upi>D the shaft 
to enter it, as the crank contracU sideways in 
the act of cooling ; and unless the collar be re- 
cessed, a space vfiU be left between it and the 
crank eye, which will be a disfigurement. The 
crank pin, it will be remarked, is made slightly 
taper, and is fixed in by means of a key. 

As nearly all rotative latid enginea give mo- 
tion to mill- work, we shall here give some rules 
for proportianing the teeth of wheels. The 
diameters of toothed wheels should always be 
such as to enable a number of teeth to be in 
action at the same time ; and pinions should not 
have less than thirty or forty teeth to enable 
them to work satisfactorily. Bevelk-d wheels 
act better than spur wheels, and wheels with 
internal teeth belter than either ; for the more 
nearly the lines of motion approximate, with 
the less velocity aud shoek will the teeth come 
together. Wheels are usually made with one 
tooth more or less than a number that will di- 
vide the teeth <if each equally : this tm^th is 
called a " hunting cog," and its effect is to bring 
every tooth of the one wheel successively jn 
coutoct with every tooth of the other. la speeds 
above 220 feet in the minute, wooden teeth 
should be intiTKluced in the larger wheel, and 
these teeth should be a little thicker thim the 
iron teeth, to make them of equal strength. 
To find the proper dimensions of the teeth of 
a cast-iron wheel which is refjuired to transmit 
a given power, Mr, Farey proposes lo multiply 
the diameter of the pitch circle in feet by the 
nurabtr of revolutions to be made per minute, 
and reserve the product for a divisor. Multiply 
the number of horse power to be transmitted by 
240, and divide the product by the above divi- 
sor : the quotient is the strength, If the pitch 
be given, to find the breadth divide the above 
8tren)^h by the square of the pitch in inches ; 
or if the breadth be given, then to find the pitch 
divide the strength by the breadth in inches, 
and extract the square root of the quotient, 
-wbich is the proper pitch for the teeth in inches. Mr. Mick gives the fol- 
lowing rale for coinputiuff the power that the teeth of wheels are capable 
'tf transmitting: — Multiply one fourth of the square of the pitch in inches 
\ff the brcadtli of the teeth in inches : the product is the number of horse 
power that the teeth will transinit when the pitch line passes through 4 feel 
per second. The length of the teeth, or their projection from the rim of 
the wheel, is lusually about five L'ighths of the pitch. The breadth of teeth 
varies from \\ to 4 times the pitch, the greatest breadth being made where 
there is the greatest liability to wear. If only one pair of teeth be sup- 
posed to be in contact, the force transmitter! by teeth in average cases may 
be taken ai 550 lb«i. for each scjuare inch of surface in contact. In several 
recent instances wheels have been made in step«, or a wide wheel has been 
compounded of several narrow wheels set in contact on the same shaft, 
bat the teeth of each slightly in advance of the teeth of the next suc- 
ceeding, so that the pitch is divided, and the necessary strength is recon- 
ciled with what is virtually a fine pitch. 

Fig». U83. and 284. are representations of the eccentric rod, and j\^. 
S86. to %Vi. arc views of the several parts of the governor. We have given 
in page 168. rules for determiujng the proportions of governors, and the 
arrangement of the parts here figured will be apprehended by a refereace 
to Ji<f. 243. Fiy. 285. is the upright revolving spindle ou wbich the collar, 
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r*an or t«b oothnob. 
shown in Mction with titn in fig. 389., ilidet, and 
tbr corwd Kuidr, >(/ ai«'J., i» flxeiL From the top 
of tiM tpisdw, /j;. 'i'45.. tbe anus, fiy. 286.. are 
Mnptndcd, w)th tb« balU at the end, the arma moTing 
in Uie alH in the curved guide*, jig. '^89. Tbe di- 
T«T|;«ncc or collapte of the baUlo cause* the collar to 
ilide np or down on the «pindle ; and through a slit 
•bown In the tpindlo (nhich if hollow), tbb more- 
mcnt ii couimonicated to a rod tliding within it, 
which, bv a ittiuble attarhmeat, movi-s the throttle- 
valve. Ybia amngctnent of froremor i* very neat 
■ad oonvcaitBt. and eommendf iiaelf to general adop- 
tkw. 

M««arB. Bnnltnn and Watt have aupplicd a» with 
■ ttitraieDt of tbe »|<««d of the piaton in their en* 
gioea ordiArreot powrnt, and it in as follows; — 
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Tliese apeeds agree with thoae given by Mr. Farey. in ■ tabl^ 
'hich tbe tollowing ia an extract: — 
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Ill tbi> table the pressure ii taken to vary slightly with tlia aim tit 
entrine ; hut Messn. Boulton and Watt notify to na thai, tboagll •■ ' 
the manner in which they formerly treated the lubjvci. Uwt now adifia 
onifortn pressure of 7 lb«. on the square inch, aa a prvftnMe doMOII fi 
computation. Tbe effect of this substitution is to make atnall g Maaa af a 
(oinewbat greater nomiiuil power than tbey fonncrljr were rwlniJ 0, 
which, xince the nominal power tii now a commernal wnit^ ■■ wcO ■• a 
scientific one, ia convenient in approximating the price per hana>fw*0 rf 
tbe difTerent size?. The spted uf the piston in feet per mloal* Ii ahirt 
138 times tbe cube-root of the stroke ; and, as has already Wa* W^ 
tioned, the nominal hor«e-powor of an engine may be fooad by tbalUphltg 
the square of the diameter of the cylinder in inches by tha raW-roatar w 
stroke in feet, oi>d dividijiic by 47. To 6nd bow many lailliona of f***^ 
are raised I foot high by the consnmption of a bntbel or 84 IK ttT I9ait>— 
Ilivide 1G6-32 by the number of poonda of cool coammad per haarly 
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each horse power : the qootient is the nnmber of miiliong of pounds raised 
1 foot high by the consumption of fi4 lbs. of coal. A bushel of Newca«tle 
coal will weigh about 84 lbs., but the Welsh coal i* heavier. 

If a cubic inch of water be unpjKwed to prf>dnce a cubic foot of steam, 
and the latent heat of steara at 212'^ be taken, with Mr. Watt, at 960°, or, 
in other words, the cubic foot of «teain be supposed to contain as much heat 
in the latent fonii aa would ruse the temperature of the cubic inch of waier, 
if it could be urcvented from expanding, 9(jO°, then the sum of the latent 
and sensible neais wilt be represented hy 117i°. The temperature of the 
water discharged by the air-pump is about icxy, which, taken from 1 172^, 
leaves 1072^, which must be taken up by such a quantity of cold water 
that its temperature will not rise above 100*. If the temperature of the 
injection water be .^0°, then the difference between that anil lOO'^, viz. 50", 
is available for the absorption of the heat; and 1072 divided hy 50 =21-44, 
which is the number of times the quantity nf injection water must exceed 
the quantity of water in the steam. To condense a cubic inch of water 
therefore in the Ahape of steam, 21'44 cubic inches of injection water are 
necessary ; hut inasmuch aa the water may not always be as cold as 50°, 
Mr. Watt's practice was to allow a wine pint, or 28-9 cubic inches of injec- 
tion water for every cubic inch of water converted into steam. The capa- 
city of the cold-water pump i» usually made from one thirty-sixth to one 
forty-eighth of the capacity of the cylinder. The injection orifice should 
have an area of about one fifteenth of a square inch per horse power The 
capacity of the hot- water pump should be about one 24«th of that of the 
cylinder, supposing that the engine i* doubie-actiEg, and the pnrap single- 
acting. The air-pump is usually made half the diameter of the cylinder, 
and half the stroke, or one eighth of the capacity. The power requisite to 
work the air-pump is from one thirtieth to one fortieth of the power of (he 
engine. The openings through the foot and delivery valves are made of 
about one fourth of the area of the pump. The internal diameter of ihe 
•team-pipe may be found by dividing the horse power by '8, audi extracting 
the square root of the quotient. We shall reserve what we have to say on 
the subject of bolts until we come to speak of the holding-down bolts of 
marine engines. 

There are many other kinds of parallel motion besides those which we 
have mentioned, but there are none of ihcm of sufficient impxirtauce to 
justify a lengthened description. Fy. 290. represents a species of parallel 

Fig. 290. 




motion invented by Mr. James White, and published in his " New Century 
of Inventions," in 1801. Jt depends on the principle that an cncycloidal 
curve, formed by one circle rolling within ntiother, becomes a straight line 
when the diameter of the outer circle is just twice that of the inner one. A 
large wheel, with teeth on its inner circumference, is fixed on a frame 
concentric with the axis and circle of the crank. A wheel with 
external teeth is fixed freely on the crank-pin and the point of attach- 
ment of the piston-rod. By this arrangement the $tnall wheel is com- 
pelled, by the pressure of the pisttin-rod upwards, to roll ronnd the 
great circle, ascending on the one side, and descending on the other, so 
that the distance of the end of the piston-rod from the point of contact of 
the circles is always equal to the distance of the circle from the diameter. 
The fault of this species of parallel motion is, tliat the socket in the centre 
of the revolving wheel is exposed to a stnuo equal to twice that on the 
piston, and which it cannot conveniently be made long enough to resi.st, so 
that it is liable to break or speedily shake loose, hi the plate of direct- 
action engines, various modifications of the parallel motion will be observed. 
In the Gorgou engine, by Messrs. Seaward, the parallel motion is fnnni'd 
by the application of a radius-bar to the air-pump lever, whereby one radius 
is made to connteract the other — the centre of the lever resting upoo a 
jointed pillar, in order to enable the cylinder end of the lever to move up and 
down in a vertical line. This species of parallel motion is sometimes made 
with a horizontal slide for the centre to move in, instead of a vibrating pillar 
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or link ; buta slide works slack sideways, and is not satisfactorj- in practice. 
The combination might he improved by catisingthe sliding end's of the rods, 
which in some cases are used instead of a lever, to work into stuffing-box 
tubes hung oo a centre, so as to enable them to swivel. The rcids, so soon 
as any wear look place, could be tightened afresh hy screwing up the 
packing. 



KASDIX EKQINES. 

CylimlfT. — In the marine engine the cylinder- bottom is more frequently 
cast in, than in land engines, and a plug of metal is fitted into n hole in the 
centre of the bottom, which is lett to allow the boring-bar tn pass through. 
It is necessary that the cylinder should be bolted very firmly to the sole 
plate, as in engines which exhaust at tlie under side of the valve-casing, an 
air-tight joint has to be made between the sole plate and the part of the 
cylinder-bottom next lo tiie valve. A cylinder of about 6 feet diameter ia 
nsuftlly made about 1 J inch thick, and the metal should be hard as well 
as solid. Messrs. Maudslay's practice in side-lever engines is to cast the 
cylinder-bottom in, up to 60 inches diameter, and above that size they pre- 
fer casting the cylinder open at the bottom, and ntaking the bottom out of 
the sole-plate, A projection is east on the sole-plate, to go a certain dis- 
tance into the cylinder, with a space hollowed out for the cylinder-port. 
The bottom joint should not be of nist, but metal to nietat -^ the liottom 
flange of the cylinder and the pliwe on which it stands on the sole-plate 
being iKiih faced in the boring-mill. The cylinder-cover should fit so 
nicely as to be tight, by interposing a piece of lead or a ring<if wire gauze, 
smeared witli white or red lead. In oscillating engines the cylinder-bottom 
is generally cast in, whatever be the siie of the cylinder. 

The valve-casing should he attached to the cylinder by means of a 
metallic joint, or, in other words, by fitting the Riirtaces so accurately that 
a little red lead interposed will make thero tight. The valve-casing can 
thus be easily removed at any time to repair the valve faces ; whereas, if 
the joint of the casing be of rust, the removal of the casing is an operation 
of much difficulty. The attachments of the cylinder to the diagonal stay 
are very generally made too small j that is, the surlaco is too small, and 
the flange too thick. A very thick flange cast on any particular part of a 
cylinder endangers the soundness of the cylinder by inducing an unequal 
contraction, h is much the best way to make the flange for the framing 
thin, and the surface large. The bolts, too, should be turned bolls, and 
nicely fitted. Some persons make tlicm with a nut at both ends, the body 
of the bolt being made with a little taper ; and the nut which atiswers to 
the head Is screwed up after the conical part of the bolt has been drawn 
into the hole by the nut at the point. The object of this plan is to facilitate 
the fitting! but if the fitting be well done, it is unimportant whether it is 
done in this way or any other. 

Cylinders ore not now usually mode with steam -casings, yet experiment 
has satisfactorily proved that there is a loss of power consequent on their 
relinquishment. It is not very easy to discern the catwe cf this loss, as 
there i* more radiating surface in the casing than in the cylinder ; yet the 
existence of the loss is very certain. Mr. Watt, in some of his early trials, 
discontinued the sleam-JBcket: and he found the consumption of fuel to be 
materially increased. He therefore again resumed it, but it has been again 
discarded in most of the modem engines, except those of the Cornish con- 
struction. Escape-valves, for letting out any water that may enter with the 
steam, are now usually employed in marine engines: they miiy in most eases 
be applied conveniently to the ports of the cylmder, as shown in the details 
of engines of the West India packets, and may be kept shut hy a spring, 
in the same manner as the safety-valve of a locomoti%'e. Escape-valves 
should be placed on that side of the cylinder which is nearest the side of 
(he ship ; so that the attendants may not be scalded by the issuing water if 
the engine primes. The escape-valve is shown beneath the " I'lan of Cy- 
linder" in the West India mail engine details ; and to those details the 
remarks which follow are to be understood to refer, except where specified 
to the contrary. In boring cylinders of 74 inches diameter, the boring- 
bar must make one revolutiou in about 4.J minutes, so that the cutters wij) 
move at the rate of about f> feet per minute. In boring brass the speed 
must be slower : the common rate at which the tool moves in boring brass 
air-pumps is about 3 feet per minute. If this speed be exceeded the tool 
will be spoiled, and the pump made toper. The speed proper for boring a 
cylinder will answer for bormgthe brass air-pump of the same engine. A 
brass air-pump of 36J inches diameter requires the bar to make one turn iu 
about 3 minutes, which is also the speed proper for a cylinder 60 inches in 
diameter. To bore a brass air-pump 36^ inches in diameter requires a 
week, an iron one requires 48 hours, and a copper one 24 hours. In turn- 
ing n malleable iron shaft, 12] inches in diameter, the shaft should make 
about five turns per minute, which is equivalent to a speed in the tool of 
about IG feet per minute. A boring-mill, of which the speed may lie varied 
from one turn in six minutes to twenty-five tnms in one minute, will be 
suitable for all ordinary wants that can occur ia practice. 

Pinton We have nothing further to say on the subject of pLstons, after 

the various specimens we have already given. The proportion of taper 
given to the piston-rod where it fits into the piston, in the West India moil 
engines is a good one ; if the taper be too sniall, the rod is drawn through 
tlic hole, and the piston is split. Small grooves are turned out of this piston- 
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rod ■boTc and belav the catter-hole. ud boinp t« introdnccd, in order to 
make the piitoo-eyr tight. Mn«t picton-rudH a.n fixed to the pitton by 
mean* of a gib and catur, as shown in the plates of details, hut in some 
caac* the npper portion of the rod within th** t-ye is screwed, and it is fixed 
IbIo lb* pi>t<m hr means of an iudonted nat. This nut is in some cases 
bengooai, and in other cases the ejcterior forms a portion of a cone, which 
oompletely fills a corresponding recess in the piston. But 
nuts made in this way become nuted into their teat after 

nBome time, and cannot be started without much difficulty. 
Menrs. KKlier, Rarenhili, and (!o. fix in their piston-rxida 
by means of an indented hexagonal nut, which may be 
Marted by means of an open box key. The thread of 
the screw is made flat upon the one side, and much slanted 
on the other, whereby a greater strength is secured, with- 
oat any disposition to split the nuL When pistons are 
made of a single ring, or of a succession of single rings, 
the strt-ngth of each ring is tested previously to its intro- 
dnctioB into the piston, by means of a lever loaded by a 
beary weight. I'be old practice was to depend chiefiy 
upon grinding, as the means of making tlie rings tight 
upon the piston or upon one another ; but scraping is now 
chiefly relied on. A slight grinding, however, with powdered Turkey stone 
appear* to be expedient, which may be most conveniently accomplished by 
letting the piston on a revolving table, and holding the ring stationary by 
B cnwB piece of wix>d white the table turns round. Pieces of wood may be 
inttrpoaed lit-lween the rini; and the body of the piston, to keep the ring 
ncarlT in its eight position ; but these pieces of wood should be fitted so 
loosely as \n give Some sidC'play, else the ring will wear itself into a 
grtxiTe on the pijton. Me«n. Peou grind their cylinders after they an; 
homl, by laying tliem on their side, and rubbing a heavy piece of lead, 
mailc to the curve of the cylinder, and smeared with emery and oil, back- 
wards and fiirwardk b> hand, the cv Under being gmduaily turned roand, 
so as to subjirt cv.Tv part sucrt-fMiively to tlie operation. The pistons are 
also grtiiitul info the cylinders with great care, so that they are perfectly 
tight frT>tii the commencement Messrs. Fenn's piston for oscillating en- 
giops hiM a single packing ring, with a tongue-piece, as in Messrs. Mauds- 
lay'« and Me«srs. Miller's arnngemcats, figured in pages 197 and 193. 
The ring it pocked behind with hemp-packing, and the piece which covers 
the joint is mode of sheet copper, and is indented into the iron of the ring, 
so ai \n offer no nlistruction to the application of the hemp. The ring is 
ground to the piston only on the under edge: the lop edge is rounded from 
the iiDiide tii m point, and the Junk-ring docs not bear upon it. but the 
jiink-ritig M^iievze* down the berop-packing between the packing-nng and 
the l»ody of ttie piston. 1'he mrlalliti packing of the piston consists of 
a double tier of nngs, rut into numerous se^nnents. ^Ve appix>ve of the 

gan of adding a nut to the top of the piston-rod, in addition to the cutter, 
r securing the pislnn-rml to the cross-head, as shown in fiy. 291., where 
the f"-'-." --( fj 7 inches in diameter, and the screw 5 inches : the part of 
Ihi Ills into the cross-head eye is I ft. 51 inches long, and tapers 

fr<'n .. niches diameter. The pniportion of taper is a g<M>d one : if 

the taper be Iria, or if a portion of the piston-rod within the cross-head eye 
he left untapercd. as is sometimes the case, it is very difficult to detach the 
parts from one anoUier, and we have known great inconvenience to be thus 
occasioned. 

C^/liadtr Cuetr, — The cylinder cover in plate of details is east cloae, and 
• itm botsa are left for taking out thi- core by. which holes are afterwards 
plai(g*d «p. Ad annular recess is IcfV in the under side of the cover, for the 
ueoanodation of the beads of the pision-bolls. The gland of the stuffing- 
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Stuffing-box of the Don Juan steamer, cylinder 68 inchca tUameter. Tbia 
appears to us better than that of the West India packeta : tb*rv U a gi st 
advantage in a deep stuffing-box. especially in the case of Teaasis iMvmM as 
perform long voyages. Fig. 293. represenu the cylinder cover of a (^onaik 
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engine. The stufflng-box is provided with a lantern bn a a , brtovkkh i 
is admitted by a small pipe. There is packing both abova and 
the liintem brass, the purpose of which i» to prevent any Irakagv of air b; 
the stuffing-box ; for even if the packing be defective, it will b« ataaa that 
leaks in, which is condensable: and such a leak, though it will iiiariMi the 
consumption of fuel, will not diminish the power of the engine II is tW 
usual practice to interpose between the cylinder cover aad lb* cyfe 
flange a gasket-ring as a joint ; but a joint of this kind leaks air f 
tibly, and it is better to make the wirfuces verj- true »•■ ' 
a rmg of sheet-lead or a little red-lead putty. It ;i 
that all marine engines should be furnished with n. 
also be furnished with spaces in the cylinder-cover autl 
the admission of steam. Large engines, too, we conceit 
with the lantern brass stuffiug-boxes. Fi<f. 294. r. 
box of the Trident, the engines of which are of i 
Messrs. Bonlton and Watt The extra depth oi :, 
necessary, to counteract the tendency to 
wear ovaL This tendency, although its 
existence is undoubted, has not been 
found to occasion much inconvenience in 
oacillatittg engines, although great fears 
were entertained on that score by the 
adbereuta of more antiquated engineer- 
ing mechanisms. It should be borne in 
mmd slso^ that even in engines with the 
ordinary pamllcl motion the stnffiug-box 
has a tendency- to wear ovul, which may 
be perceived if attention be paid to the 
setting of the parallel motion. If the 
piston he moved through a stroke, the 
gland will be found to move easily upoo 
the piston-md at some points, and be 
jammed up tight in the stuffing-box at 
other points of the stroke ; incqualitti'S 
which clearly show the existence of a 

very sensible deviation from a perfectly vertical motion. The 1 
attached to the gland and einbraeing the rod, is an excellent 
keeps the greaae employed to lubricate the rod. from being spilt, 
▼eats grit and dnst from getting into the gland, wbsrchy ia 
cbMS the rod is frequently much scratched and i^Jared. Mamiifi 
w the stuffing-box has been used in some engines, conststlnjt in too*. l»> 
stances of one or more rings, cut. sprung out. and ''' 
rod. before the cross-head is put on, and packed will i ^ -. 

species of packing answers very well when the parallel motion u tna. aad 
the ptstoa-rod free frtmi scratches, and it accomplishes a mairrial laviacrf 
tallow. In some cases a piece of sheet-braso, packed bakiad with bsfla^ 
hss he4<n introduced with good uffeet, a flange, notched to patfwlt lhabsad> 
ing, being turned over on the under edge of the braai. In pnpveM ii tl^ 
dipping up or down with thf motion of the rod. 

^Idl'WPe. — The slide-valve represented in the pUt« of details ia iM 
known as the long D. The valve-rod is attached to a criaa biidgii ia the 
plane of the under face, and the spring upon the rod is suflcicat to tile* 
the valve to l>e tightened up as the face wears. In short O valvaa, wM* 
the valve-md is very short, the eve which attaches the valv* tollw ra4 I* 
to h« made oblong. Jig. 295.. or else the holes of the caaiafcaaar !■«• 
to he made oval, so as to enable the valve-cover to be adv aac H aaaiw la 
the cylinder, as the valve face wears. The valve-packing* arv iasrodsad 
by doors at the back of the valve-casing, and are jnr i iacd hf Wtn ■ 
which one is shown in the same plate as the valve. This block, il * 
remarked, is in three pieces, which are toagoed to one aaothcr ; it isprraB>« 
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rorvord by nicKus of screws, which pas« through n cross-bar extending 
across the pocking-port, /iji'. 20C., the ends of which rest in two angular lugs 



Fig. 295. 
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cast therein. The purpose of this bar is to prevent the strain re'juisite for 
lightening the packinp from being thrown upon the pncking-door, which 
would spring it ouf, and might cause the joint of the door to leak. In some 
C1UCS the screws by which the packing is pressed, pass through the door, 
&nd are made tight by ajam-nut, with a recess, into which a turned part of 
the not enters, as shown in fig. 207. — a hemp washer being interposed at 
the point of contact, and this we think is the preferable practice. In the 
plate, however, a diffiTout plan is sbown, which is again lepresented in 
Jig. 296. The packing-screws do not pais throngh the doors, but are kept 
short ; and opposite to each screw a plug is situated in the packing-door, 
which has to be withdrawn when the packing is to 1x3 tightened. In each of 
these plugs a small recess is turned out, for the recepdou uf aring of hemp. 
This recess is belter half-round than square. 
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Some packing- blocks arc tightened sideways, by screws which are in- 
•erted in the sides of the pttcking-pnrt.s; but in the plate the block is tight- 
ened by its own wedge-shape point, which presses against another wed^e- 
fomied piece, cast on the valve-casing, as will he nndersttwd by a re- 
ference to Jiij. 299. In some cases the end of the packing abuts upon 
the cylinder face, but generalty it overlaps two or three tuchfs in large 
vigines, and a piece, a, jig. .inn., is cost on each side of the cylindtr- 
poit, in continuation of the circle of the vaU'c, to furnish a surface upon 
which the packing may press. By this expedient the chance of leakage at 
the comer of the valve is diminished, and the tenglh of the packing need 
not be adjusted with spch critical exactitude us is necessary by the other 
arrangement. In some engines the packing of the valve is put id likt* that 
of a piston, and is pressed down by means of a jtink-ring, but that plaii is 
now little resorted to. Metallic packing has been tried in D valves, but 
on\j' with ver)' moderate success. The kind that has answered best is a 
piece of sheet bra.«s, thinned at the ends, bent Jo the shape of the valve, 
and packed behind with hemp. W^ believe the D valve will now give place 
to the equilibrated valve employed by Messrs. Pcnn, and of which we have 
already given a description at page i99. 
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We are not prepared with any very specific rccommendalinn on the 
subject of valve-faces, as we have experienced a good deal of trouble with 
every modification of theni; but cast-iron working upon cast-iron is perhnptt 
the best combination yet introduced. The usual practice is to pin brass faces 
on the cylinder, allowing the valve to retain its cast-iron fuce. Some 
makers employ brass valves, and others pin brass on the valves leaving 
the cylinder with a cast-iron face. Speculum metal and steel have 
been tried for the cylinder faces, but only with moderate success. In 
Bome cases the brass gets into ruts; but the uiost prevalent affection 
is a degradation of the iron, owing to the action of the steam, and the 
face assuming a granular appearance, something like loaf sugar. Th)i> 
action shows itself only at particular spots, and chiefly about the an- 
gles of the port, or valve face. At first the action is slow ; but, once the 
steam has worked a passage for itself, the culting-away becomes \cry rapid, 
and in n short time it will be impossible to prevent the engine from heating 
when stopped, owing to the leakage of steam through the valve into ti:c 
condenser. However truly the D valve may be formed at first, the face 
will become slightly hollow by the application of lieat, as the circular will 
erpnnd more than the straight part and the packing resists the efilargement 
of the circle. The cross-section will tlierctbre assume something of the 
form shown in./ji/. .101, where the dolled line repiesents the original position 
of the face ■, aud on cxamininga valve newly put in uclion, it will generally 
be found that it presses hardest on the tails, 'i'he f:ice therefore should 
be made slightly rounded in the manui'ucture : and if the engine is a large 
one, the cylinder must not be faced when lying on its back, unless it has 
been wedged up to the form it assumes when standing on ccd. else the 
partial cullapse of the cylinder will cause the face to become untrue. Copper 
steam-pipes seem to have some galvanic action on valve feces, and malleable 
iron pipes h.ive sometimes been substituted; but they are speedilj- worn 
out by oxidation, and the scales of rust which are carried on bj' the steam, 
scratch the valves and cylinders, so that the use of copper pipes is the 
least evil. The valve-rod in that part oppowte to the steam-port is often 
much wasted by the steam ; it therefore appears expedient to surround it 
by a copper pipe where an injurious action it to be apprehended. Tlie valve- 
caaing shown in the plates is made close at the bottom, the exhaustion being 
accomplished by the upper eduction-pipe. In coses in which exhaustion is 
perform eilr from below, it is expedient to cast two projeclitms on the sole- 
plate, to prevent the valve from falling down inconveniently far when the 
valve links are taken off. There is no expansion joint introduced in the 
valve-easing of these engines, which is a serious defect, as the steam gains 
admistiiou to the valve-casing before it can enter tlie cylinder, and the 
joints are damaged, and in some cases the cylinder is crocked, by tlie in- 
equality of expansion of the cylinder and valve-casing. The chest of the 
blow -through valve is cast upon the valve-casing, which is now a common 
practice. The valve-rod is fitted with a parallel motion, and provision is 
made for the attachment of its standards to the valve-cnvcr. 

We have already intimated that large cylinders should either be faced, 
standing on end, or if laid upon their back, they should he wedgetl up to 
the form they assume when standing on end, else the valve-face will be 
made untrue. The same precautioo is necessary in boring the cylinder, 
and fnnn the neglect of it cylinders are sometimes made oval, or if they 
be cast with bottoms, they may be ronnd nt the one end and oval at the 
other, a defect that is sure to be made apparent in plumbing the cylinder. 
The general plan now in use of making the valve tight upon the cylinder 
foce, consists in first planing, next filing, and finally scraping until the two 
surfaces are perfectly smooth and even. The valve-face should first be 
made true upon u thick face plate, and the valve may then be used to make 
true the cylinder-face. In most workshops the use of emery in griodlDg 
the valve to the cylinder-face is now discarded, but we think the use of 
a little fine powdered Turkey-stone to finish off the operation is expedient. 
The scrapers used in scraping the faces are triangular, resembling io fonn 
the scrapers used for ships' decks, but they are smaller and thicker, and are 
kept sharp by grinding. An old file, bent over and sharpened at the end, 
is sometimes used. Great care must be taken in fitting valve-faces that 
the valve be not made conical : unless the back be exactly parallel with the 
face, it will be impossible to keep the packing fi'om being rapidly cut away. 
When the valve is laid upon the face plate, the back must be made quite 
fair along the whole length, by draw-filing, according to the tndicationa of 
a str&ight edge; and the distance from the face to the extreme height of the 
back must lie made identical at each extremity. Should a hole occur either 
in the valve, in the cylinder, or any other pari where the lurAice requires to 
be smooth. It may be plugged up with a piece of cast-iron as nearly as 
possible of the same texture. Bore out the faulty part, and afterwards 
widen the hole with an eccentric drill, so that it will be of the least 
diameter at the month. The hole may go more than half thremph the iron : 
fit then a plug of cast-iron roughly by filing, and hammer it into the hole, 
whereby the ping will become rivetted in, and its surface may then he 
filed smooth. Square pieces may be let in after the same fashion, the hole 
being made dovetailed, and the pieces thus fitted will never come out 

Brass faces are put upon valves or cylinders by means of small brass 
screws, tapfH-d into the iron with conical necks for the retention of the 
brass: they are screwed in by means of a sqttare head, which, when the 
screw is in its place, is cut off and filed smooth. In some cases the face is 
made of extra thickness, and a rim not so tnick runt round it. forming a 
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tt«p or rccew for the reception of hrau rivets, the heads of which are clear 
of the hev. 

Air-pump. — The tir-pmnp is attached to the solc-pbite by a nut &aci( 
joint, which is preferable to a nut flange joint, as the salt-water eats away 
tbe beads of the bolts, unless they are copper i and if they are copper, they 
waste the iron. The oil and grease which fall from the crank-pin upon 
the «ole-plate, deoxidise the rust of a flange joint, whereas with a fancit 
joint, suitably wade, they cannot remain in the same intimate contact 
Short Bt«el keys should be drir<-n into the faucit in seviTal places before the 
joint is mode, but they should not rise to the top of the fiiucit so as to divide 
the joint into segni«nt«. 

The air-purap bucket is made with a junk-ring, whereby the packing of 
the bucket may he easily screwed down. The valve is of the spindle or 
pot-hd kind. The foot and delivery are of the flap or hanging kind. TheM? 
valves all make a considerable noise in working, and are objectionable in 
many ways. Valves of the same construction as those known as Harvey 
and West's, whioh are similar to those shown in fig. 242. have been em- 
ployed with advantage by Messrs. Rennie; and valvea on Belidor's con- 
struction, whioh is io effect that of a throttle-valve bung off the centre, 
wen some years ago propoaed by as for the delivery and foot- val res. 
Sosnc delivery-valve seats are bolted into the mouth of the air-pump, 
apparently in the conviction that the pump-bucket never requires to be 
looked at. If deli very- valves be put in the month of the air-pump at all, 
the best mode of flsung them appears to be that adopted by Messrs, 
Maudslsy. The top of the pump-barrel is mode quite fair across, and npon 
this flat nirface a plate containing the delivery- valve is set, there being a 
small ledge all round to keep it steady. Between the bottom of the stufiing- 
box of the pump cover and the eye of the valve-seat, a short pipe extends, 
encircling the pump-rod, its lower end checked into the eye of the valve- 
seat, and its upper end widening oat to form the bottom of the stnfllng.box 
of the pump-cover. Upon the top of this pipe some screws press, which 
are nccc«sible from the top of the stuffing-box gland, and the packing also 
aids in keeping down the pipe, the function of which is to retain the valve- 
•cat in its place. When (he pump-bucket has to be examined the vaive- 
arat may be slung with the cover so as to come up with the same purchase. 
For the bucket- valves Messrs. Maodslay employ two or more concentric 
ring- valves, with a small Hft Theae valvta biave given a gvixl deal of 
trouble, in consequence of the ftrequent fracture of the bohs which griide 
and confine the rings ; but their principle appears to as superior to tliut of 
any of the other air-pump valves at present in common use, with the 
exception of the e<juilibratcd- valve, known as Harvey and West's, in which 
it is preferable that the fiice should flill in a groove ftlled with end-wood. 
It would not be difficult to make this groove so that the water would have 
to be forced out of it during the descent of the valve, whereby the shock 
would be still further diminished. It would be preferable, however, if all 
thet« valves could be discarded in favour of a slide-valve, which it nppeara 
to us might l)e applied to the air-pump with much advantage. 

The air-pump backet and valves are all of brass, and the chamber of the 
pnmp ia lined with copper. It is now a common practice to make the 
elianiber of the air-pump wholly of brass, whereby a smgle boring suffices. 
When a copper lining b used, the pump is first bored out, and a bent sheet 
of copper Ls introduccid, which is made accurately to fill the pUce, by bam- 
nwriDg the eopMT on the inside. Munti's metal is sometimes used instead 
of OQpper, and Munu't metal air-pump nwls are now u genenUy used as 
«oppar rods or iron rods covered with braas. Iron rods covered with 
tm are not In be commended ; they generally are wasted away where the 
f bottom cone Ats into the bucket neye, and if the casing be at all porous, (he 
water will ■ometimes insinuate itself between the casing and the md. and 
cat away the iron. If iron rods covered with brass be used, the brass- 
caatng should come some distance into the buckct-cyc ; the cutter should 
be of brass, and a brajs« washer should cover ihe under side of the eye, so 
■a to defend the end of the rod from the salt water. Rods of Munti's metal 
are, probably, on the whole to be preferred ; and it is a good practice to 
put a nat on the top of the rod to aecure it more firmly in the eross-heod 
eye. The part which fiu into the crocs-head eye should have more taper 
when Dwde of copper or braaa than when made of iron ; as if the taper be 
small, the rod ra»j get staved into the eye, whereby it will be so firmly 
ftxrd as to make tu detachment a difficult operation. Metallic packing 
has in same instances been employed in air-pump buckets, but its success 
has n(»t been saoh as to lead to its further adoption, 

StJr-pliile ami dmdtntr. — Every marine engine, of the side-lever kind, 
•iMttld be onttstntdcd with > aole-pUte • and we think it the l>est way that 
^m aondMHtr be eaat opoa tb« aole-platc. Engine* nnfam'ished with sole* 
plain, Mid with jonta be t weeH tbe VialTc-oaaing and condenser below tlie 
wv«l of tbe keelson*, are extremely objectionable. Thoae joints, cither 
from the working »f the ship — the movement of (he cylinder or condenser 
— the deoxidizing effect of the oil spilt about the machinery — or the 
comhinoiton of ail these causes — will be sure, sooner or later, to become 
Uakj i aad it is abaoit iinpowibla to remake or effectually staunch them. 
HMO*, llaadalaj aod Oa., ia tbair West India mail packet enginea, 
ba(t»d tbe iiiaiiuail Io tha awfcr aida of tbe sole-plate ; by which expe- 
[ iien( (he nttl>JoUn an pworrtd, ia a great measure, from the action of 
' the grease, aad ttvm aay sttaia or vibntTon consequent upon the yielding 
af t£« eondetucT or cylinder. Messrs. Miller and Co. adopted (he same 
ifranyifP'tiil of coadenaer, but cust the condenser upon the solc-plalcu 



There are very few of the engines made In Sooiland ia wUdi tkt coa- 
denser is not cast upon the sole-pUte ; and in almost all of tfami tbe frealer 
part of the condenser is hituuted above the sole-plate, and tha iaaiB-«cMn 
passes through it. The height of the condenser, in this ariBafvnMM, hat 
the advantage of enabling the air-pump to drain it of water very i ffi < IliaHyi 
but the same object is accouiplisbuble by the use of a very large idattlw 
pipe immediately behind the valve-casing into which the injoetioO'VaaCT 
is admitted, and which thus becomes, in effect, a (all condenser. TUt 
latter is the arrangement of Messrs. Maudsby and Messrs. Miller. It baa 
the advantage of leaving the space tuoally occupied above the sole«pkat 
by the condeooer, free and nnperplexed bv any species of maehiaery aacot 
the main-centre, which ia supported by ptilow-blocks restiag or caatOB tta 
sole-plate. 

The practice of passing the main-centre through the condeaaar, afalhv 
with or without a pipe, is objectionable. .\ pipe is calculated to auik* tba 
sides of the condenser crack b^ unequal contraction, and the abaeitce oft 
pipe endangers a leakaj;e of air round the main-centre joint. Tbe l«y« 
employed to fix the mam-centre will Kometinies occasion truubUr, trvm be- 
coming loose ; and, in some instances, we have known a nuin-centrv bgta 
to be split, from the keys being driven too hard. It all case* tbe thiitaiii 
of metal requisite in the condenser sides for resisting tbeatrai&afte 
main-centre, will make the sides more liable to crack, in eooaeqaaoaa of 
being suddenly cooled, Upon the whole, the practice of seconsg At 
main-centres by plummer-blocks appears greatly preferable: wbca the 
main-centre is made to pass through the condenser, the hole abouU be 
bored out, and tbe main-centre ground in with a little taper. It ia tbe 
usual practice in engines which have the main-centre passing tbron^b tbe 
condenser, to set the hot well on the top of the condenser, and ibia la tb* 
arrangement in the engines of which we have given tbe deuils. A pan af 
the hut well is divided off, to serve as an eduction-passage for tbe caave^> 
ance of the steam from the superior part of the valve-casiikg. Bj ibia 
arrangement there is no danger of water running fn>ni the condenaar hatb 
into the cylinder. Projections are cast in the foot-valve paaaan fcrlke 
reception of tlie foot-valve seat, by means of which it is kryM iaia in 
place; and similar projections are cast is the mouth of Ihe air^poflip Jbr 
the reception of the delivery-valve. 

There does not appear to be any manhole-door |o the coiidenaer ia tbia 
engine, which is in our eyes a defect. It would have been eacy to make a 
nmnhole in (he curved nozzle leading from (he air-pump to the hut wrll : 
a door in that situation would have been easy of accesa from the hot well 
manhole, and it would have always been covered with water wfaaa ih» 
engine was at work, so that a leakage of air cookl not have takett piMfc 
The injection rose-pipe runs across the condenser, near tbe aeatb «f da 
eduction-pipe. A cock, by which water may he injected ftwai tbe bilfe 
should the vessel spring a leak, is universally employed in i 
and is shown in the sectional drawing of the engines of w 
details, dotted in. This cock should never be furnished « u .1 a <.•*<- w.unii 
the condenser, and should never be joined on to the injection -pipe thawed 
ing from the sea. We have known various cases in which a veaail bia 
been nearly lost from the internal roses of the bilge iiuectioe beci()Bi>m 
choked up with refuse drawn out of the bilge, and which, bat tor tlaae 
roses, would have pa^ed into the condenser and been delivered by ibr 
air-pump without creating any obstruction. 

Framinij. — Cast-iron framing is now given up in marine enghica, aad 
malleable iron framing alone is employed. Of malleable iron fraaua^ as 
applicable to the side-lever engine, we tiave given a specimen ia tbaaaesca 
of the I'ity of London steamer ; and of cast iron framing it ia aacAafc 
nnder the circumstances, to say much. It is a bad phui.ta oiv jadfBMl, 
to attach the diagonal stay to the hot well, as is somctiBtea done. a» liar 
working of the sUy breaks the hot-well joint. It is a had nhm, «>«,«• 
attach the friuningto the sides of the ship, as the working of tbe abip ia a 
sea will strain and may break it In iron steamers a plan now prrvails 
of running tbe deep beams \kU^tv and abaft the crank -faalcb (wbkb sn 
also made of iron) through the ship's side, joining the r 1 rrrmitiai rf tbnsr 
beams by curved croH-bcams, on which the shaft pliimmer-blaeks Be 
made to rest The paddle-wheel, by this plan, is ovcrbiiii^. and tlM whale 
of the amu radiate from a triple centre. A very subsiantial framiair WKf 
be made by adopting this arrangement and it is one which i* applicable ia 
the case of direct-action engines as well as in those on the •idc-lewee ptia. 
The brasses of the paddle-shaft plummer-blocks should nut be taade wilb 
fitting strips on the back.s but the whole of their exterior aboold be pkaaii 
aad the interior of the plummer-blocks should also be 
planed for their reception. Drosses fitted with fitting Fig. 90. 
stripe soon wear slock sideways. Octai^onal bottom 
brasses are not so good as those which ore square, 
as they cannot be lined up so conveniently if the 
shaft gets out of truth. Square-bottom brasses, with 
flanges, as shown in fig. 302., we have foond preferable 
to any other variety. 

Side-lever. — The drawing we have given of the side-leeer wiB -f# . 
ciently explain itx ginierol form and dimensions. In aome «f tbe mmf 
recent Mde-lever engine*, the side-levers are made of malleable ina. 1^ 
lever being cmn[iOse<i of two plates, set on edge, ihe I. nLrtJi «/ %^ baatM 
apart from c»rh odier. The sdids in the side-lever 'tswM Ml 

I ahuold be of larger dimensions than ta necessary i' °!i, M if Hay 



Details of Engines. 



^ 



-wear oval, they are likely to bant tbe aide-rod or cro«s-tail straps, when 
the brasMt are tightened up. Unless the main centre journals be made 
spheroidal, there should always be large collars or the main-centre, against 
which the «ide-levers may press, so as to prevent bterni play ; and the 
iraabers on the main-centre endi; should be capable of being tightened up 
against the brasses of the side-lever eye. Without this precaution, the 
engines will jerk most disagreeably sideways in a sea-way when the brasses 
come to be at all worn. 

CrofK HfiuLi ami Taili, Side and Connecting Rods. — The parallel motion, 
it will be remarked in the drawings of details, is Bttached to the cross-head, 
which is ill our eyes the best arrangement, if a parallel motion be used ; 
but parallel motions are now fallinf; into disiiiTour, and ^ides are taking 
their place. The side-rml eye is fitted with a conical bush, vrith a spiral 
cut in it, £0 that it may he tightened upon the cross-bead jcumal, by 
means of a washer drawn in by a screw. In some cases the side-rod eye 
is fitted wiih an octagonal brass, tightened by a cutter beneath the under 
portion; and in other cases the brass is round, aad the upper portion ts 
prefsed down by means of a screw, which is made hollow, and serves also 
as an oil cop. The upper piece is such as wonid require to be cut out of 
the brass, in order to permit the journal to come out without being shifted 
on end ; and the sliding joiatA of the bush are rebated, to prevent «nd-play. 
In the manufacture of brasses of this kind, the pieces are first fitted and 
soldered together; they are then bored and turned; and finally tbo solder- 
ing is loosened by the application of heat. The cross-tail butts arc gene* 
rally ground on to their places, and the end of the cross-tatt riyetted 
over on them, a round steel pin being afterwards introduced, half into (he 
cross-tail, and half into the butt. In some cases, howeTcr, thty are put 
on hot, as practised in the ca.'se of cranks; and in the specimen before 
OS a washer is substituted for the rivetting of the end. In all cases in 
which an eye is put on hot against a collar, the eye should be recessed for 
the reception of a small portion of the collar; as we have already men- 
tioned when speaking of the crunks of land engines, as the eye in con- 
tracting sideways will leave * space between the collar and the eye, which, 
by this mean«, will not be diseeraiblc. The connecting-rod is made with a 
strap to embrace the crank -pin as is the usual practice. The connectlDg- 
rod top of most of Messrs. Peno's and. Messrs. Maudslay's engines are made 
after the same fashion as the Black Kagle's. t'onnecting-rods made in this 
way should always have a inaMeable iron cap above the upper bra&s instead 
of having the cap and upper hraAs made in a piece. If the crank -pin 
heats, the brass cap will probably be cracked, and cases might be men- 
tioned in which vessels have been nearly lost from such an occurrence. 

Cranks, Eccentrics, ShaJU, antl PaddUt. — The cranks and shaf^ of marine 
engines are now always made of wrought iron. The crank is shrunk on 
the shaft hot, and a strong square key is then driven in at the part nearest 
the web, so as to obviate the weakening of the eye. The cmnk-pin is fixed in 
the intermediate crank, and is loose in the eye of the paddle crank, which 
IS fitted with a bush, upon which the rounded end of the crank-pin bears. 
The end of the crank-pin, fitting into the eye of the intermediate crank, is 
made conical, and is drawn into its place by a cutter passing through both 
pin and eye. The rounded end of the pin enables the paddle sbaA to fall 
at the outer end — as it always does — without breaking the pin. In some 
eases a drag-link is Uiicd instead of the rounded pin, but drag-lmks are not 
now much in fa.shion. \ very good method of fixing the crank-pin into 
the eye is that which was adopted in the Don Juan steamer. It consists in 
the application of a strong washer over the crank-eye, with t hole in the cen- 
tre, through which a stout bolt passes tapped into the pin. The w.isher is 
indented a little into the crank-eye, so as (o obviate any tendency to move 
Internlly. ThLs plan we know, from our own experience, to be a very 
effectual one : it is unattended with any more tronble than if the pin were 
rivetted in, and it admits of the pin bemg taken out, by merely unscrewing 
the bolt of the washer. The end of the pin inserted in the loose eye is of course 
made spheroidal, so as to permit the outer end of the Fshalt to drop a little, 
without breaking the pin. The pin is steeled on both .sides of this sphe- 
roidal part, and bears against two davetailed steel plates. The plate situate 
on the /tacking side was, in the ca»e of the Duo Juan, tightened by means 
of a screw passing through the crank-eye. The web of the crank was mode 
thicker and narrower than usual, the intention of the makers being, that the 
web shotild be capable of resisting the twist occasioned by the overhang of 
the crank-pin more efTectually than is done in the case of cranks who.se shape 
is regulated by the supposition that the crank-pin does not overhang at all. 
There is more plausibility than soundness in this reasoning ; the fact being 
that the strength given fur the single purpwse of overcoming the leverage. 
U more than sufScient to withstand the twist. The crank-pin must be fitted 
▼ery aooarately into the crank-eye, else it will be very liable to be broken. 
The crank-pin should always be larger in diameter than is necessary for 
strength, for the purpose of keeping the journal from heating. The dimen- 
sions given in our tables will be found to answer very well, and they are 
•lightly in excess of the common proportions, 

^We do not intend, in the present work, to go into the subject of steam 

navigation, yet we may here set down a few remarlu about paddle-wheels, 

which cannot well be severed from the subject of the engine. The best 

plan of making the centres is with square eyes, and each centre should be 

I secured in its place by means of eight thick keys. The shaft should be 

^L burred up against the heads of these keys with a chisel, so as to prevent 

^L the keys from coming back of llieir own accord. If the keys arc wanted 
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to be driven back, this burr mnst be cot off, and the keys, if made thick 
and of the right taper, may then be started without difficulty. The shaft 
must of course be forged with square projections on it, so as to be suitable 
for the application of centres with s<|UBre eyes. Messrs. Matidshiy and Co. 
bore out their paddle-centres and (urn a seat for them on the shaft, after- 
wards fljcing them on the shaft with a single key. The plan i» objection- 
able for two reasons — it is insecure when new, and when old is irremovable. 
One of the AVest India mail vessels, by Messrs. Maudslay, was almost 
disabled from this cause on the first voyage, the key on the shaft having 
slackened, and the centre having consequently turned round ; and in some 
of the older vessels by the same makers, hitely under repair at VVoolwich, 
the centres had to be broken off, for they could not be got off in any other 
way. With this plan of centre we have often known the centres to shift: 
in one ease, the wheel on the wenthtrr side was forced against the side of 
the ship, and the floats, in their revolution, cut deeply into the outside 
planking. The pluu of making round bosses on the shaft, and fixing the 
centres with four keys, as showu in our plates of details, is also objection- 
able on the ground of insecurity. 

The general practice among the London engineers is to fix the paddle- 
arms at the centre to n plate by means of bolts, yijf. 3(>3., a projection being 
placed upon the pbtes on each side of the arm, to prevent laitrral motion. 



Fig, 303. 



Fiy. 304 
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We have found this method to be inferior in dnrability to that adopted in 
the I'lyde, Jit/. 304., in which each arm is fitted into a socket by means of 
a cutter, a small hole being left opposite to the end of each arm, whereby 
the arm may be forced back by a drift. A preferable way would be to 
form the pad<ile-eentre out of the arms tberaselveg, by widening them at the 
head until tbey touch one another. /</. 305.. and then applying a boiler- 

Fii/. 305, 




rAUDLK CkMTBS. 

plate upon one side, and rivetting the arms firmly to i(. If this phin he 
adopted, it will be expedient to swell the tops of the uncovered side at the 
part nearest the centre, so as to increase the length of bearing for the keys 
which secure the centre to the shafk. In the manufacture of this centre 
the heads of the anus wonld first be forged, (hen planed on tJie edges and 
fitted together on the plate. The holes would then be bored fur the rivets, 
temporary bolls fitted into them, and the key-seats cut and the ends of 
the arms pored in the slotting-machine. Finally, the arms woold l>e 
welded on to the heads, and the various parts of the wheel rivetted together. 
Most of the London engineers join the paddle-arms to the outer ring, by 
means of bolts, but we cannot say that we approve the plan, for (hose bolts, 
after a time, generally become slack sideways, and a constant working of the 
parts of the wheel goes on in consequence. Some engineers form the [<art of 
the outer ring opposite the arm into a mortice, fg. 306., and they wedge the 
arms tight in (he hole, by wedges driven in on each side. But the phin is 
an expensive one, and not satisfactory, as the wedges work loose even 
(ho)tgh rivetted over at the point The best mode that we have met with 
is the plan for the most part practised in the Clyde, y^. 307., of making 
the arm with a long T head, and rivetting the cross piece to the outer ring 
with a number of rivets, not of the largest size, which would we&ken tlu; 




S30 



Details of Engines. 



Qatar riOf too aacb. The best vay of securing tbe inner finft* to the wma 
b hy mMBt of Ittgi, Jig. 306., welded on the armc, ud to wtueh the riagt 
■re riTMtod. 
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Paddle-flo&ts arc TiKually m&de either of elm or of pine : if of the 
fomicT, tho commoQ thicknee« for large ten^going reicels is about 2^ inches-, 
if of the latter, 3 inches. They should liave plates on both sides, else the 
|itddle-arnu will be very liable to cut into the n-ood, and the iron of the 
■rmi will h« rapidly wasted. When the floats have been fresh put on, they 
must be screwed up several times before they come to a bearing. If this 
he not done, the bolts will be sure to get slack at sea, and all the fioati on 
the weather side may be washed off, as once occurred to the Brilish Queen, 
on the next Toyage after the floats had been removed to allow the vessel to 
go into dock. It is a good plan to give the thread of the pnddle-bolts a nick 
with a chisel, after the nnt has been screwed up, which w ill prevent the not 
fiDm turning back. The floats should not be notched out, to allow of their 
projection beyond the outer ring ; as, if the sides of the notch be in contact 
with tbe outer ring, the ring is soon eaten away in that part, and the pro- 
JMtiog part of the float, being nnsupported, is liable to be broken off. It 
H nmal to pot ■ iteel plate at each end of the paddle-shaft, tightened with 
a key, to prevent end-play when the vessel rolls, hut the arrangement is 
precarious, and insulKcient Messrs. MandsUy make their paddle-shaft 
bmrings with very large fillets in tbe comer, with the view of diminishing 
tlw nil : and Mr. R. Napier causes the crank-eyes of both peddle and 
Interiaodiate cninka to bear sideways ogaiost the brasses of the plumroer- 
bioekJL It would be preferable, we conceive, to muke the hearings of the 
crank-shafta spheroidal, and. indeed, it wonid be an improvement we think, if 
miwi of the b(«ring* about the engine were to be madie in the same fashion. 
The spheroidal ft>m would not only prevent end-play, but would keep 
the oil from running out at the ends of ihe Itearinga. The loose end of the 
erank-pin should be made not spheroidal, bat consisting of a portion of a 
sphere, and abrass bosh might then be fitted into the crank-eye, that would 
completely encase the Imll of the pin, and yet permit the outer end of the 
paddle-ahaft to fall without straining the pin, thi- bush being at the same 
tiBH MiaMptible of a slight end-niution. This arrangement is far preferable, 
«« ooDoeive, to that of making the pin bear upon a single point, as is the 
f*"^"*"" practice. There is an incoovenient amount of wear on the pin, 
«hieh iovolvea a backUsh m the eye, and the point of contact sometimes 
Iiesia and soreeches, unleM the eye be kept well supplied with tallow. 

Dimikffagimg PaddU- WhefU, — Many plans have been contrived for dis- 
mgtgiag tbe paddle-wheels of tteamera, so as to enable one paddle to be 
srwked witlumt tb« <:Aber, or both paddles to be thrown oat of gear, so aa 
to revolve loosely when the vessel is under sail. The best of these expe- 
dientathat we are acquunted with is that represented in/i^t.309, 310., where 



FiQ. 309. 
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A is the paddle-shaft ; B, a east-iron disc keyed thrre«Mi ; C. 

iron strap surrounding the disc, lined with brass ; I), a ^< 

tightening key for producing fi-ictioo, by bringing the 

with the disc ; F, the brass lining of the wrought iron straj>. oxccpunjrua 

portion occupied by the cushion \fff, screws by which the braaaUaOf 

18 held to the strap. A few blows of a hammer on the key D vill OBBWd 

or disconnect the paddle-^haft, even when the engines arc at fbll apM^ 

Messrs. Maudslay's method of disconnecting is to shift tbe ahan 4K Mi 
by suitable gear, until the crank-pin leaves the crank-eyo. Mw if . ICllv'k 
method is to put a clutch on the shaft, which catches into tbe p«UI« •oBv 
— the whole of the three centres being combined into one divrrginy oaa, 
which runs loose on the shaft. A method contrived by Mr. (Irasii^MK b 
represented in/^.3l 1,3 12,3 13., where A is a moveable boali iatlscfayk* 

fT^i. 311, 318,313. 
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cmnk eye ; B, the crank ; C, a screw for moving io or ont tJiv bosh . £», 
onink pin ; E, slot in the crank eye to permit the pin to pass ia tJac rr«t4a- 
tion of the crank, except when the pin busli is moved <mt to cngsf* iti F, 
square head of screw C : G, H, the bnsh enpiged with the cnnk j^ b 
is obvious that by screwing tlie bush out or in, the cruuk |no b ail^ 
engaged with or disengaged from the p«ddle. Ia Meaarik ^KKmvt* 
engines a method of disengaging almost identical with thia ia aoaHdaM 
employed. 

Ecccntricg, — The eccentrics of marine engines are alwuja pvt m a two 
pieces ; they are almost always loose on the shaft, and are alwKya capoUi 
of backing. The manner in which that shown in our plats* of iafAt >l 
made, is a common one. The eccentric is loose upon the ah«f|, avl bf 
ni.shed with a back balance and catches, and the halves ar« pot W^td 
rebated joints, to keep them from separating laterally ; and tlksy 
vented from slidin^r out by round steel pins, each ground into bolb 1 
We think square keys would be preferable to round pins iti this 1 
as the pins tend to wedge the jaws of tbe eccentric asunder. In soaw «« 
halves of the eccentric are bolted together by means of iUni^ea. Tbe < 
trie-rod shown in the plates of details is not a panicularljr acal ooe. TW 
eccentric-rod of the Don Juan is represented io fy. 314.. sad that ftirm is 

Fip. 3U. 
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now widely adopted. It is expedient to cast an oil cap 00 dk* 
hoop, and where it is practicable a pan shoold be plM«d bcBcal 
centric, for the reception of the oil oropimigs. The notdi of tb« t 
rod, for the reception of tbe pin of the valve-shaft, is osiuUjr Meelii, ■ 
prevent inconvenient wear -. for when the sides of the ooteli wear, tb* vshs 
movement is not only disturbed, but it is very difficult to throw ih« sees- 
trie-rod out of gear. It is found to be preferable, however, to 6t this Mkfc 
with a brass bush,^. 315., for the wear is then lesa rapid, «a4 it k iB aaf 
thing to replace tbiu buali with another when it hieota waa. He. 



eccentric catches showtj in the plates are the kind usnnllj etnployed, but 
catches of this kind sunietiines break off at tli« first bolt-hole, and it is 
^B preferable either to have a boh iu advance uf the catch-fuee, at ia Jitj. 31C., 

^m or to lia 
^1 hoop its 
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or to have a. hoop encircling ihe sliaft, Trith the catches welded on it, the 
hoop it&elf l>eiug fixed by bolls or a key. This hoop may either he put an 
before Uie cranks in one piece, i>r afterwards in two pieces, as shown in 
fij. 317., which represeDls the liCKip employed iu the Don Juiui steamer. 



Fig. 316. 
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The expansion cam is figured in the plate ; it is put on the shaft in tvo 
pieces, which are fastened to each other by means of tour bolts passing 
through lugs, and is fixed to the sliafl by keys. A roller at one end of a 
bell-crank, which is connected with the expansion-valve, presses against 
the cam, so that the niolian of the lever will work the vaUe. Tbc roller 
is kept against the cam by a weight on a. lever attached to the &ame shaft. If 
iho cam were concentric with the shaft, the lever which presses upon it would 
remain stationary, and al*o the expansion-valve ; bul by the prijjeclion upon 
the cam, the end of the lever receives a reciprocating motion, which is 
commimicated to the valve. The positio*) of this projection determine^ 
the point in relation to the stroke at which the valve is ojiened, and the 
extent of the projection determines the duration of opening. The time at 
wltich the valve should begin to open is the same under almost all circum- 
stances; but the dur^ition of its opening varies with the amount of expan- 
sion desired. In order to obtain this variable e.Ypunsion, there are several 
projections made upon the cam, each of which gives a different degree or 
grade, as it is usually called, of expansion. These grades begin at the sanic 
|K)inl on the cum, but are of dlU'erent len^rths, so that they would begin to 
move the lever at the same time, but would differ in the time of returning 
it tfl its original position. The change of expansion is effected hy moving 
the roller on to the desired grade; there arc seven different grades la the 
West India steamers. The expansion-valve is of the kind used in the 
Cornish engines, and known as the equilibrium valve. Of the valve 
shafts aad links, parallel -motion rods, and other similar details, it is need- 
less here to speak, a» there is nothing of ditfieulty conuected with thusQ 
parts, and the pliues make their arrangement sutEcieally intelligible, 

Sliirting Gear. — The best Starting gear that we are actjiiainted with is 
Stephenson's link motion, which will be descrilK'd in our remarks respect- 
ing details of locomotives. This combination obviates the neccsiiity of 
throwing the engines out of gear at all ; and full speed a-head may be 
changed iiistantaneously into full speed astern, and without stopping the 
engines. Messrs. Kennie have introduced this species of starting gear into 
the Samson and some other steam vessels with the most satistWtory re- 
sults ; and it appears likely to become general, at least in vaJves where tliere 
is little lap. In our plates of details the valve is moved by means of a lever, 
and the eccentric-rod is thrown oat of gear by tneans of a pulley on the 
end of a lever, which, when raised, forces the pulley against the under side 
of the rod, and lifts it out of the notch. The act of raising Vah pulley de- 
presses another pulley on a lever (ixed upon the same shall, and enables 
another rod in conueclion with the starting handle to fall into gear, the 
intention being, that when the ecceatric-rod is in gear, the starting handle 
shall be without motion, as iti; swinging would be inconvenient and dan- 
gerous if worked by I lie engine. This plan of preventing the startitig- 
bandle and tlie e\."centric-rod from being in gear at the same time has now 
come into general use. The method adapted by Mr. Robert Napier in the 
Precursor is a very elegant one : it consists in the use of an eccenlrio-stud 
for supporting the lever which carries the roller; and the act of moving 
tliis lever, so as to enable the eceentrio-rfid to fall into gear, draws back the 
pinion of the starting-shaft out of the sector, with which it is engaged. 
Instead of a lever, the starling-shaft in this case is moved by a wheel 
similar to a steering wtieel of a ship. Similar wheels may be seen ia 
several of the examples given in tke folio plate of direct-octJDD engiaes, 
and their use is now nearly universal. 

Brine Pump* —Pumps for changing the water in marine engine hollers, 
ao as to prevent the salt water from reaching an inconvenient degree of 
saturation, were first applied by Messrs, Boulton and Watt to the City of 



Edinburgh steamer, at ihc suggestion of Mr. Brown and with the approval 
of Mr. >Vatt. Mr, Brown had accompanied the vessel on her first voyage 
ft-om London to Edinburgh, and found that though the engine operated 
sati.sfflctorily, the water in the boiler iic^'iuired such an injurious degree of 
concentratiun, that the furnaces began to get red hot. He therefore re- 
quested the captain to sitop the vessel, and directed the engineer to take 
off the iMud-hole doors and allow the water in the boilers to run into the 
ship : the boiler was then refilled with water from the sea, and the vessel 
proceeded on her voyage. Mr. Brown then devised pumps for remox-ing 
the super-salted water from the boiler without internipiioD. These pumps 
are still used by Messrs, Boulton and Watt, and ilieir use is now very 
general In the engines of the Centaur represented in the plate of direct 
action engines, the brine pumps are set on each side of (he feed pump and 
are wrought with il ofT the air pump cro»8-head. In some cases the feed 
water is sent into a vessel called a refrigerator, as haa already been men- 
tioned at page 83,, through which the super-salted water proceeding from 
the boiler to the brine pump is conducted in a multitude of small pipes, 
— the intention of the arrangement being to economise heat by commu- 
nicating the heat of the super-salted water to the feed. But the amount of 
heat thus saved i^ as we have already explained, exceedingly tinimportant, 
and the refrigerators are not only expensive to construct, but are very 
liable to be choked up by deposit. They thus become a source of dimger, 
as the engineer is led to confide in an expedient which may deceive him, 
while he believes it to be in effective operation The valves of brine 
pumps require to he loaded sufficiently to counteract the pressure of the 
steam, and of the head of water in the boiler. If brine pumps be used, it 
appears preferable to use them without the refrigerator ; 'they then become 
equivalent to a continuous blowing off, but the pipes are less liable to choke, 
and there is no blowing off while the engines are at rest- 
Sea water contains about ^ its weight of salt, and its specific gravity is 
increased by boiling until it contains \^ of salt, which is the point of satura- 
tion, and the water will not then ht>ld more salt in solution. As the water 
is more concentrated, it requires a higher temperature to make it boil. 
The boiling point of sea water which has ,', of salt, is i['A.'l° \ with ^, 
214.4°; with i. 215.5°; with ,V'J 10.7° ; with ^V al7.0°i with :,V219*^; 
with i?,. 220.2" ; with ^, 221.4''; with ^, 222.5°; with '^ 223.7°; with 
\\, 224.9° ; and saturated water 226°. These are the boiling points in the 
open air ; in a steam boiler, where the pressure of steam is always above 
the pressure of the atmosphere, the boiling points will be correspondingly 
higher, hut with any uniform pressure of steam in the boiler it is possible 
to moke the thermometer an index of the saltncss of the water. If the 
water be maintained at a concenlratioa of jV or if about one fourth of the 
water be withdrawn from the boiler by the brine pumps that is forced in 
by the feed pumps, very little deptisit will collect within the boiler. The 
quantity of fuel wasted by blowing off this quantity of water, cannot, it is 
clear, be considerable, and there should not be less blown off. Of every 
4 cubic feet of water entering (he boiler from the hot well, 3 passes off 
in steam and I in brine. The temperature of the hot well being 100*", 
the heat imparted to the water to raise it into steam, may be represented by 
1112° X 3 = 3.13fi, while the beat contained in the brine is 1 12° or rather 
less, the speeilic heat of brine being less than that of fresh water, and 
33.'}6-i-ll2=29, so that about i^th of the heat passes out in the snper-snlied 
water when large blowing off is practised. A much larger quantity of heat 
than this goes to waste if there be any material accumulation of scale cpoo 
the flues, and engineers will therefore see that there is no economy in 
penurious blowing off. 

Purnpn, Cvclts, and Pipet. — In the plate* of details the feed-pump plunger 
is shown with a screw at the bottom, for the extraction of the core, hut it 
appears preferable to extract the core out of a hole iu tlie top, which may 
be adapted for the reception of the pump-rod. There should he a consi- 
derable clearance between the bottom of the plunger and the bottom of the 
pump-chamber, as otherwise the bottom of the chamber may be knocked 
out, should coal-dust or any other foreign substance gain admission, as it 
probably would do, if there were any injecting from the bilge. Messrs. 
Mandslay nuike the feed and bilge-pump plungers serve as guides to the air- 
pump cross-head, the pump-rods being continued upwards and working 
through eyes iu the framing. We do not see any objection to this arrange- 
ment, if the stuffing-boxes be made deep : when separate guide-rods are 
used with eyes in the cross-head, those eyes should be fitted with stuffing- 
hoxes^ lo diminish the wear, and the guides should he made very strong, 
fur the same reason. The valves of the feed-pomp arc most conveniently 
arranged an a chest, which may be atlaehed in any accessihle position to the 
side of the hot-well. An arrangement of lilts kind is shown in the plate 
of detailB and in, ^jr.31B., which represents the feed-chest of the Don Joan 
steamer. <1f (he two side noiile*, the lower one leads lo the pump and 
the upper one lo the boiler. The pipe leading to the pump is a suition- 
pipe when the plunger ascends, and a forcing-pipe when the plunger de- 
scends. The plunger, in ascending, draws the water out of the hot-well 
through the lowest of the valves, and, in descending, forces it through the 
centre valve into the apace above, which communicates with the feed-pipe. 
Should the feed-cock be shut, so as tu prevent any feed-water from prssing 
through il, the water will raise the topmost valve, which is loaded to a 
pressure considerably above the pressure of tlie steam, and c»ca[>e into the 
hot-well. This arrangement is neater and lesa expensive than that of 
having a separate luaUed valve on the feed-pipe, with on overflow througk 
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It b of tbt plttnfter kind, wbicb a prefenble to thkt wbich opentes bj a 
piitQS. Tb« air-vrmfl in fiirni«hpd with an e<cap«-valTe, to prevent tbe 
pnnp from brini; fplii ihould it be put in coBn«ction witb tbe engine when 
ik« (ocka In the pipe Iradina; to the boUer arc cla«ed. an accident which 
not aafrc<|timtly happen*. Fig. .^21. rvpnaenu a four* war cock, the appli- 
caitnn of which enablet the patnp to draw {Vx>ni the cea. 
Fig. 3S1. from the hnilcr, or from the bilge, and tbe pump can 

deliver either into the boiler or apon deck. This pomp 
can be worked either br the engine or h_r hand : it is 
empiojed to feed the boilerx when the enginet are eta- 
tiaoarj, or to pump the boiler* ont. after thej are blown 
off at Ihr aa can be accomplished by tbe vteam. At 
other timet it is ntcful for raiding tbe water to wash 
the deck*, to act aa a fire-engine in case of fire, and to 
I out tke (hip if the tprings a leak. 



In most of the now vessels fitted witb tubalar boilen, MmU MC 
have been introduced, to pump water into the boiler whm tb« veiad alBp 
under steam. Most of ibese enginet are fumicbed with a crwik spd 4y< 
wheel, but that introduced by Messn*. Pcnn, and of wbich we bar* gmB 
a representation in one of our plates, has no fly-wbeeL, and is a very ■ il M l 
and elegant arrangement. The pump-piiton and the tteam-pittOB i 
different ends of tbe same rod, and, instead of the ordinary posif 
a slide-valve is introduced, which is situated at the oppntite end 
ffteam-slide rod. The slide-valvt>s are pipe-valrcs, and ore morad by 
means of a tappet on tbe piston-rod. On another pan of tb« 
tome views are given of a self-acting feed apparatus, which rtmmata of %i 
small chest, placed ap»>n tbe front of tbe boiler at the level of th« 
line, with poria. closed by a sliding plate, commnnieatinfr « ith the vitcr i^^ 
the boiler and tbe st«am above it. When thene ports are opcneij tbe 
rises to the same height in the chest as in tbe boiler, and tlM potta m 
opened and sbnt by the small engine at every stroke of the pnmpL VkSa 
the pump is making its stroke the ports leading from tbe ebeai to Ift* 
boiler ore closed, and if tbe chest be chiefly filled with utenm. it vili W 
compressed by the entering water, and tbe chest will receive a ^inrar tf 
water, which, on tbe porta being opened, will tlow into the boiler. Bnl if 
there be but little steam in the cbest when the pump is making ita •tmka.or 
the chest be filled witb water from the rise of the water-level, tbe vuer di» 
charged by tbe pump cannot gain admission, and it must thcrelfar* Mtaat 
overboard through the loaded valrp. Thus, as the water-level riaaa, oc 
cheat takes lets water from the pump, and it lakes more when IIm Im) 
falls, tbe effect of which in practice is to mainuin a uniform water Wv«l ■ 
the boiler, however g^reat tbe variations in the demand fur stenm. la aaae 
tteam vessels floats have been introduced to regulate the feed, bat that 
action cannot be depended on in agitated wat4.>r, if applied af^r the m i — 
fashion. Floats would probably answer if placed in a cylinder which eca^ 
mtinicated witb tbe water in tbe boiler by means of small bol«« : and a diae tt 
metal might be attached to tbe end of a rod extending U-neaib the vMir* 
level, so OS to resist irregiilor movements from the motion of tiM sUfv 
which would otherwise prevent tbe satisfactory action of tbe appoiftab 

This disc would be placed within tbe cylinder, and a sbiin dialwtre nbopft 
it a fixed diaphragm might extend across the cylinder, U'tween vrhieh ad 
the moveable disc or piston on the rod the water would be conpcwaaadt li 
the event of any sudden disposition of the float to rise, such as mlgkl W 
created by the sudden motions of the ship ; whereas by tbe aknr waA gndal 
tabsidence of the water level from evaporation, the water in tbe eytiadir 
would be able to sub^tide, by gradually passing through tbe smaU botes ia 
the cylinder and disc. One objection to this plan ia, that tbe small balsa 
would be liable to be closed up by deposit ; and the preferable ar 
probably, would be to place tbe float within tbe boiler, guided, bat wi 
any cylinder, and to apply a small oU cylinder, such as is asod Ifar tka 
cataract of some pumping engines, to tbe end of the float rod vbcra it fio* 
trades tbroogb the top of the boiler. Such an arrangement woald MaMr 
tbe float to resist suddenly acting forces, while any force thai was groial 
and steadily operative would still produce its due effect. 

The admission of the feed-water into tbe boiler is somrtinMa rcgaltti 
by cocks, and sometimes by spindle valves* raised and lowered bjr a sow. 
Cocks appear to lu to l>e the preferable expedient, as they are leas tkyeia 
accident or derangement than screw valves, and in modem steaaa vawrli 
they are generally employed. The fi?ed water is nsually ooodacted flaa 
tbe feed cock to a point near tbe bottom of the boiler, hy means of «a i»> 
temal pipe, — the object of the arrangement being to prevent the rMSf 
steam from being condensed by tbe entering water. By being introdasv a 
near tbe bottom of the boiler, it comes into contact ia the first |i]ac« wiA 
tbe bottoms of the furnaces and flues, and extracts heat from than, vkiA 
coald not be extracted by water of a higher temperature, wherrbj a aviaf 
of fuel is accomplished. In some cases the feed water is inlmdn<*ed iaisa 
casing around the chimney, from whence it descends inir> tbe boiler, Thil 
plan appears to be an expedient one when tbe boiler it tliort of btatkaf 
surface, and more than a u»uai qtumtity of heat aaeends tbe ehiouwy ; btf 
in well-proportioned boilers a water casing ronnd tbe chimney ia wnf 
fluons. When a water casing is used, the boiler is tisuallj fed by a head ^ 
water, tbe feed water being forced up into a small tank, frtim vboaer i> 
descends into the boiler by the force of gravity, while tlw an f alM NM •• 
waste, as in the feeding apparatus of bind engines, reprc««itt«d la /'!§. Vk 

Blow-off cocks are generally placed some distance mm the boOor. hot ■ 
our judgment they should always be placed quite close to it, aa tlHffv aie 
no meant of shutting off the water from the pipe tietwcea the blbv>«ff aask 
and tbe boiler, should fracture or leokage there arise. Eveyy hottarHiM 
b» furnished with a blow-^iff cock of its own, independently of tfca aaia 
blow-off cock on the ship's sides, so that tbe iMiilera may be blova off trya- 
rately, and may be shut off from one another. Tbe pw fet aMa amag^ 
meot appears to be, to ca.'^t upon each blow-off cock a limd f» ittadlv 
tbe eock to tbe bottom of tbe boiler, and tbe plug tbottJd aMOfi ahaot ■ 
inch in advance of the front of the boiler, so tbiil it may be reawmd orie- 
ground with facility. The floor-plate covering the blow-otf cock AoM 
have a cooming. a few inches high, cost round a hole of tafleWM 4iaaaHr 
to admit a box key to turn the plug, and to each ping a box key akaaU be 
fitted with a collar, at the level of tbe top of tbe coomiag; of avflelaM fi»' 
meter to cover the bole and ibickneu of metal around it, aad vMidwiif 
of the key spindle supported by an eye atlacbed to the boil#. TlMH Wl 
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Mrould not be shiAed from one plug to another, as at present, but each 
would rt-main in its place, and llie engiucer woiUd only have to tarn tlieiu 
when he wanted to blow off the boilers. The pruseDi method of using the 
btow-off cocks is verj inconvenient. A small plate has to be removed to 
vnable the box key to be applied ; coal sometimes is lying upon the plate, 
which has to be removed, and coal-dust gets into the bilge in thesa cnn- 
tinual removals, which chokes the roses of the bilge pumpii. In diirk nights 
ri>>nd roiig-h weather, the engineer requires to feel the nick in the top of the 
log, which is often filled with coal-dust and grease, before he can assure 
Utoscir whether the c<x'k is ojien or shut, and the operation of turuing tho 
eoeka ia more difficult when the spindle of the key is without support. 
These evils may be remcdiu<l by the arrangement suggested. The spindle 
will require to be made with a hole or eye to admit a handle wherewith to 
turn it round, and it would be an easy thing to make the stad supponing 
the top of the spindle of such a foiin that the handle for turning the spindle 
v'oald not be withdrawn when the cock was open. The cock, therefore, 
could not be Icfl open without the handle being left in its place, where it 
would stand out from the boiler, incommode the tiremen, and duly notify 
the neglect. 

The general arrangement of the blow-off pipes is to put a main hlow-off 
pipe bcuL-uih the tloor-plates acro:iS the ship at the end of the engines, and 
into this pipe to Ic^d a separate pipe, furnished with a cock, front each 
boiler. The main blow-off cock, where it penetrates the ship's side, is 
furnished with a cock ; and in modem steam vessels Kingston's valves are 
also uwd, which consist of a spindle or plate valve fitted to the exterior of 
the ship, so that if the internal pipe or cock breaks, the external valve will 
still be opentivc. Some expedient of this kind is almost necessary, as the 
blow-off cocks require occasinnal re-grinding, and the sea cooks cannot be 
re-ground without putting the vessel into dock, except by the use of Mr. 
Kingston's valves or some equivalent expedient. When old vessels are 
getting new sea cocks applied, it may answer to make the old cocks serve 
the purpose of Kingston's valves, the new cocks being applied between the 
old cocks and the blow-off pipes. 

All the cocks about an engine should t>e provided with bottoms and 
Stuffing-boxes, imd reliance should never be placed upon a single b<ilt 
passing through a bottom washer for keeping the plug in. in the case of any 
cock communicating with the boiler, for a great pressure is thrown upon 
that bolt if the pressure of the steam be high and the plug be made with 
much taper ; and should the bolt break or the threads strip, the plug will 
fly out, and persoos standing near may be scalded to death, — an accident 
which has sometimes happened. In larg« cocks it appears the preferable 
plan to cajit the bottoms in : and tlic metal of which all ihe cocks about a 
marine engine are made should be of the same quaiiiy as that tised in the 
composition of the bnusef.and should be without lead or other deteriorating 
material. Jn some caAes the bottoms of cocks ore burnt in with hard solder, 
but this method cannot be depended upon, as the colder is softened and 
wasted away by the hot salt water, and in time the bottom leaks or is forced 
out. The stuffing-boxes of cocks should be made of adequate depth, and 
the gland should be secured by means of four strong copper bolts. The 
taper of blow-off cocks is an important element in their construction ; as if 
the taper be too great, the plugs will have a continual tendency to rise, 
which, if the packing be slack, will enable grit to get between the faces, 
while, if the taper be too little, the plug will be liable to jam, and a few 
time* grinding will sink it so far through the shell, that the water-ways will 
no longer correspond. One-eighth of an inch deviation from the perpeu- 
dicitlar for every inch in height is a common angle for the side of the cock, 
which corresponds with one quarter of an inch difference of diameter in an 
inch of height; but we think a somewhat greater taper than this, or one- 
third of an inch difference of diameter for every inch of height, is a prefer- 
able proportion. The bottom of the plug must be always kept a small 
distance above the bottom of the glieli, and an adequate surface must be tefl 
above and below the water-way, to prevent leakage. Cocks formed accord- 
ing to these directions will be found to operate satisfactorily in practice. 

Gauge cocks are generally very iuartiticially made, and occasion needless 
trouble to the engineer. They are rarely mode with stufEug-boxes. and 
are for the most part adorned with stalactites of salt after a short period of 
service, in consequence of leakage. The water discharged from them, too, 
disfigures the front of the boiler, and adds to the corroaion in the ash-pits. 
It would be preferable to combine the gauge cocks appertaining to each 
holler into a single upright tube, connected suitably with the boiler, und 
the water flowing from them could be directed downwards into a funnel 
tube communicating with the bilge. The gauge cocks and also the glass- 
tube cocks shonld Ik furnished with stuffing-boxes, and with bottoms, unless 
the water enters through the bottom of the plug. The glass gauge tubes 
should always be fitted with a cock at each neck, communicating with the 
boiler, so that both the water and steam may be shut off if the lube breaks. 
The gauge cocks frequently have pipes running up within the boiler, to the 
end that a high-water level may be made consistent with an eauly acces- 
sible position of the gauge cocks themselves. With the gUss tubes, how- 
ever, this species of arrangement is not possible, and the glass tubes must 
always be placed in the position of the water level, whether it be iiigh or 
low. 

The sea injection cocks arc usually made in the same fashion as the sea 
blow-off cocks, and of about the sime siae. The injection water is generally 
admitted to the cundenser by means of a slide valve, but a cock appears to 



be preferable, as it is more easily opened, and has not any disposition to 
shut of its own accord. The sea injection pipes should be put through the 
ship's side in advance of the poddies, so that the water drawn in may not 
be injuriously charged with air. In some cases the suction pipe of the 
deck [itiiitp leads into the injection pipe ; but it is preferable to put a pipe 
through the ship's side for the exclusive use of tlie deck pump, as is the 
general practice. The waste water pipe, passing from the hot well through 
the vessel's side, is provided with a stop valve, called the discharge valve, 
which is usually made of the spindle kind, so as to open when the water 
coming from the air pump presses against it. In some cases this valve is 
a sluice valve, but ibe hot well is then almost sure to be split if the engine 
be set on without the valve having been opened. The opening of the 
waste water pipe should always be above the load water line, as it will 
otherwise be difficult to prevent leakage through the engine into the ship, 
when the vessel is lying in harbour. 

Boilers are now generally supplied with stop-valves, whereby one boiler 
may be thrown out of use without impairing the efficacy of the' remainder. 
These stop valves are usually spindle valves of large size, and they are for 
the most port set in a pipe which runs across the steam chests connecting 
the several boilers together. The spindles of these valves should project 
through stufiing-boxes in the covers of the valve chests, and they should 
be balanced by a weighted lever and kept in continual action by the steam. 
If the valves be lift*?d up and be suffered to remain up, as is the usual prac- 
tice, they will become fixed by corrosion in that position, and it will be 
impossible after some time to shut them on any emergency. These valves 
should always be easily accessible from the engine room, and it ought not 
to be necessary for the coal boxes to be empty to gain access to them. The 
safety valves should not be set on the common pipe connecting the bfiilers, 
but each boiler should have a safety valve of its own set direct upon the 
steam chest, for if the stop valve should jam, and the safety valve be ex- 
terior to it, the safety valve cannot contribute anything to save the boiler 
from explosion. Each boiler also should have a distinct steam-gauge and 
a distinct atmospheric valve, if atmospheric valves be applied at ail, but 
they scarcely appear to be necessary in the case of tubular boilers, which 
are capable of withstanding the atmospheric pressure with impunity. 

The pipes of marine engines should always be made of copper. Cast- 
iron blow-otf pipes have in some cases been employed, but they are liable 
to fractore, and are dangerous. Every pipe pai^stng through the ship's 
sides, and every pipe fixed at both ends and liable to be healed and cooled, 
should be furnished with a fnucett or expansion joint, and in the case of 
cast-iroQ pipes, the part of the pipe fitting into the faucelt shonld be 
tamed. In the distribution of the faucetts of the pipes exposed to pres- 
sure, care must be taken that they be so placed that the parts of the pipe 
cannot be forced asunder by the strain, as serious accidents have occurred 
from the neglect of this precaution. A faucett is usually placed where the 
maiQ steam-pipe joins the branch steam-pipes proceeding to the cylinders, 
and if those branch steam-pipes are attached to the cylinders or valve 
casings by means of faucetts, the whole of the branch steam-pipes mar 
swivel round on these faucetts and leave the main steam-pip>e, which will 
then discharge its full volume of steam into the engine room, an accident 
which could hardly fail to be attended with the most disastrous conse- 
quences. 

Where the pipes pierce the ship's side, they should be made tight as 
follows : — The hole being cut, a short piece of lead pipe with a broad l!ange 
at one end should be fitted into it, the place having been previously smeared 
with white lead, and the pipe should then be beaten on the inside until it 
comes into close coatact all round with the wood. A loose flange shonld 
then be slipped over the projecting end of the lead pipe, to which it shonld 
be soldered, and the flanges »lKmld both be nailed to the timber with 
scupper nails, white lead having bcea previously spread underneath. This 
method of procedure, it is clear, prevents the possibility of leakage down 
through the timbers, and all therefore that has to be guarded against after 
this precaotion. is to prevent leakage into the ship. To accomplish this 
object, let the pipe which it is desired to attach be put through the leaden 
hawse, and let the space t>etweea the pipe and the lead be packed with 
gasket and white lead. The pipe roust have a flange upon it to close the 
bole in the ship's side ; the packing must then be driven in from the outside 
and be kept down by means of u gland secured with Ixilts passing through 
the ship's side, if the pipe is below the water line, the ghind must be of 
brass, but for the waste water pipe a cast-iron gland will answer. This 
method of securing pipes penetrating the side, however, though the best 
for wooden vessels, will, it is clear, tail to apply to iron ones. In the cose 
of iron vessels, it appears to be the best practice to attach a short iron 
noszle, projecting inwards, to the skin, for the attachment of every pipe 
below the water line, as the copper or brass would waste the iron of the 
skin if the attachment were made in the tuual way. 

PwrU of on-illiilini} Engines. — The most important parts of oscillating 
engines are the piston, the piston-rod stuffiog-lmx, the trunnions, and the 
attachment for the valve. The two former parts we have already de- 
scribed ; we shall here give the chief details of the two latter. 

Fiff, 322. represents the valve attachment of H. M. steam vessel the 
Trident, consimcted by Messrs. Boulton and Watt, cylinder 70j in. 
diameter, and 5 ft. stroke, and reckoned at 3M horse power. The eccen- 
tric rod is attached to the stud a, which is fixed to the centre of a plate 
forming port of a frame which is guided vertically by means of the goide- 
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rod 6, snd by the columns of the engine at cc. d is the «nd of the valve 
l*f«r wbich i» tiiovrd up and down hy the Amne, whatever position in the 
•re the •jiid of the li'ver may ocviipy in consequence of the osclHation of 
the cylinder. < is a rack whereby the frame may be moved up or down 
by uicans of a shaft at An, when the eccentric rod is not in gear, and at the 
rnd of the shaft a wheel is situated for starting the engine. The curved 
>aiiove lu which the end of the valve lever moves ia part oft circle, but it 
IS not swept frow tiie centre of the trunnion when the valve is at half 
utriike, but with a radius er]ual to the distance of the centre of the valve 
shaft from the centre of the trunnion, when the cylinder it perpendicular. 
MndTt. IVnn do not form the curve in this way. but sweep it froui the 
centre of the irunniim when the valve is at half stroke ; and although the 
same nution of the val«e is not thus obtained as vhen there is no oscilla- 
tion, the difference is very sliKht, and ia morvover considered to be a better 
motion than if no diuarl»nce had taken place. It appears to tu that the 
UM- cif n curve might be dispensed with altogether by observing a suitable 
:• ' of the eccentric; the effect would probably be to increase 

^ »i<le prcasQra on the piston- rwU but the increase would be 

jiii i-iiii r inappreciable in the case of e<|uilibratcd valves which mar be 
wniupht with an iuc"tibiJerable exercise of force. 
lig. 323. represents one of the trunnions of the Trident, which instead 

Fig.m. 
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of brinp ea»t npon the cylinder, u ii the nsual practice, are bolted on with 
twelve I j in b«liA, and are strcn^dtened by twelve brackets, I inch thick, 
CMton the (lanin^i of attachment. There is a projecting ring, it will be 
thm « rd, left upon the jiarl which is to be bolted on, which is accurately 
fined into the bole ia the belt in order to obviate slackness sideways, A 
rib I ) in. thick rant back fW>m the hole on each aide in the middle of tlie 
belt to tie the bell more effectually to the cylinder, tiod »bovc wd below 



the belt a feather runs vertically Ij >"• thick, and tapering Id depdi boa 
tlie belt till it runs off to nothing on the cylinder side. 

The bearing part of the trunnion is 22 in. dianteter, 7 in. lonf, and tfce 
metal ia 2^ iu. thick ; the ateam pipe entering the trusnioa I ia tSiick. 
and the packing space between the pipe and trtmoion 1^ in. wide Tlw 
gland for compressing the packing is usually put im in two pieocc Tl* 
pipe requires to be so made that it can be poshed in against tlie cyliadir 
in order to accommodate its outer atiachmenu It is not ncevamn to mmka 
provision at the outer end of the trunnion-pipe for the falling of like lli^ 
nion by wear, as the wear is so small as to be of no prvrtical momtm. 
The thickness of metal of the cylinder is I^in. ; the thickneas of file Of 
and bottom of the belt is 3^ in. in the wake of the tninnton, and 9 ilk n 
other places. Tlie diameter of the hole in the belt is IB in.; lb* loMMl 
diameter of the steam pipe is 13 in. ; and the diameter ov«rr ibe flau* ftr 
the attachment of the trunnion is 30^ in. The interior of the brU m the 
wake of the trunnion nieofiures 29 in. deep and 4^ in. wide. The tttmk 
shaft bearings are 12 in. diameter and 13 in. long. The paddle wfcerii 
are overhung, and the outer journal of the rhaft is 14 in. diameter, and 14 
in. long ; the part on which the centre is fixed, from whence tbe ttmm 
diverge, being 16 in. diameter, and 24 in. lonif. When the ]iaddle ia 
hung, the shaft increases in size at the outer end, instead of dimio: 
in other cases. The diameter of the wheels is 22 f\. : the floats 
broad and 9 ft long, and have a dip of 4 (1 7 in. from the load w 
at which point the vessel draws 1 1 ft. of water. Tl>' iti i» H 

diameter, and has a length of bearing for the c< -1 of I 

The diameter of the Trident's piston-rod is 74 in. ; « < ■ uti 

of larger piston-rods than have yet been tntnv]nc< 'ngWfltoM 

would be an improvement, and would add to the d:v the maf^mm. 

Each cylinder measures 8 ft. 1 in. across from centre to centre of aninalM. 
and 1 1 ft. C in. from the level of the trunnion to the level of the ikhaA. 

The position of the trunnion shonld be a little above the centra of gr^ 
vity of the cylinder, so that it will have no tendency to tilt over when (be 
piston-rod is disengaged from the crank-pin, and very little Icodeaey m 
the same time when pushed over to resume the perpeadienlar. Tbe jtm 
of attaching a weight to nue side of the cylinder to balance the ■wmm 
casing is now discontinued in the best engines, and two valves arc emyilayl 
which balance one another. These valves are placed one un each able itf 
the trunnion, so that they may both be wrought by the same eec e n t rie. If 
the curved eccentric frame were discarded, the eecetitric md nifbl b> 
attached imroedintely to a cross-head, from the ends of which the tv» vaJte 
rods descended, and the intermediate gear at present oatd migbl dm* br 
diipensed with. 

£Hffinet applied direct to the Screte It requires bnt little p e iwUMs ea •» 

foresee that the present species of marine engine mnst he gfveo ■• tf tht 
screw propeller gains a general introduction, as it appears deetined M4a{ 
for the engines will in that case be coupled immediately to the aevrm fkfl0, 
which, as it requires to revolve much more qnickly than a fa rtith itiat. 
involves a greatly increased speed of piston. Smalt eofinca, whk tW 
pistons moving at a quick speed, will exert the same power as linv eafima 
moving with a slow speed : and small engines, by being apiplMd lo Ibr 
screw shaft direct, may be made to do the work of large oo«^ Tbia • a 
manifest advantage to steam narrigation. a* a veesd nay b* eaamneMi 
with very large power without being inconveniently burdened witb Ibe 
weight of the engines ; and it is also an advantage lo the makers of <«• 
gines, who will thus be enabled to produce a given power at a itaa cart. 
The only imped iinent to the general introduction of this ayatca Uca ia lb* 
difficulty of driving the air-pump at a high speed without cawhag Ibe 
valves to strike so hard as to wear themselves out verv qakkljr. TV 
difficulty may, however, it appears to us, be met by making the air>pHaf 
piston without valves, and opening and shutting the foot valve paai^ ijr 
means of a slide valve, the motion for working which u derived AvM W 
eccentric rod. The delivery valve mnst still be opened by the 4)r«iaBn «f 
water ia the pump; hut it may be made to consist of a piatoa valve wnb 
skewed ports, such as is represented in^. 233,, and it nay be eloaed. « 
the piston he brought opposite to the ports by means of a pendulnin w«i|^ 
at the end of a lever moving outside. Most of the engine* at pii ■iiii ia 
course of construction for direct application to the screw, are anda wiflb 
fonr cylinders lying horizontally with two cranks upon the aerrv ikA la 
which the connecting rods are attached, the connecting rtida bai^g Jti^v^i 
to the top of the piston rods, as iu the Gorgon, or locomxiv* ooaMiaeliaa, 
Oscillating engines, laid at an angle of 4.5°. and joined to a aiacle ofaab ea 
the shaft, have in some cases been employed ; and we think tbb amBfe> 
ment is upon the whole the preferable one. The air-pnmp may be Mir 
double-acting, and may be worked from the same crank -pin to wUeb tbe 
piston-rods are attached ; the pin, however, being made eeewatrie ia Ai 
part to which the air-pump rod is attached, in order to give Ibe paaaa 
•horter stroke than the piston. The crank and crank -pin viB, ^tmt 
arrangement he adopted, be stronger if made in the came pieea, aad At 
neck of the shaft from which the crank overhangs most be made aliw a gr 
than nsual. If the air-pump be made double-nciing, as anpean to batti 
preferable practice, its diameter mny be very small, but tne ibot aad dr> 
livery valve paMages must be larger than usual in proportica to tkatimni 
the pump. If a piston valve be adopted fur the di-livrry valvei, it «f| be 
expedient to balance the valve by means of a counterweight, a* ia dMsia 
case of the itcam vol^c, adding then a pendulum, or a abort cnak paBil 
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into the vertical position by a rod loaded viih a weight, the end of the 
rod bcitig suiiabiy guided by n swivelling eye, in order to bring back the 
Talve, or retain the pisiua opposite the poTM until the pressure comes cti. 
It is clear that, if this arrangement be adopted, the thrust of the shaft 
forwards, which in the case of the KAttler screw steatnor is equivalent 
tn a weight of four tons, cannot be sustained by the end of the shofl ; and 
the best arrangement appears to be, to receive the thrust upon a collar on 
the shaft, which works within an oil cylinder, — oil being forced continu- 
nlly by a small pump worked by the engiue between tlie end of the oil 
cylinder and the collar, until the collar is forced back with a pressure equal 
Ui that of (he forward thrust. It is not expedient, however, to trust to the 
oil alone ; and, therefore, between the collar and the bottom of the oil 
cylinder, and also between the coDar and the top of the oil cyliodcr — so as 
to give security for backing — rollers carried by rings, as in the case of the 
rollers of a swivel bridge, or railway tum-lable, should be interposed 
These rollers should be as numerous as can be conveniently applied ; they 
ihonld each touch only in one ptjint ; should be niiide narrow, and seversil 
of these narrow rollers should be set upon the same spindle, so as to in- 
crease the fjuantity of the bearing surface. The collar and ends of the 
oil cylinder should constat of plates of hardened steel, aud the rollers 
should abo be of hardened steel, and be all made of exactly the same 
diameter. The oil cylinder would have to be supplied with a safety ralve 
on each side of thu collar, so that any surplus oil sent in by the pump 
would be able to escape into a small tank, out of which the pump would 
draw. Hy these expedients, it appears clear to us that the thrust of the 
*crew may be effectually and satisfactorily counteracted. It appears ex- 
pedient to tooth out the eye of the collar, and to make it of sufficient length 
to serve as a coupling box, the end of the shaft proceeding from the screw 
to the collar being similarly toothed, and fixed fast inio the collar; while 
the end of the shaft proceeding from the collar to the engine is toothed in 
the same fashion, but so fitted us to slide endways In the collar. Ity this 
arrangement, should the oil cylinder yield slightly, or the rollers wear, the 
engine fratning will still be [ireserved from the forward strain ; the only 
effect of i!uch accidents being to make the engine shaft slip somewhat 
further into the collar. Thi- edge of the collar would be fiiruished with 
capped leathers upon each side, of the same description as those u«ed for 
the rams of hydraulic presses. The improvement of the species of engiue 
that is adapted for direct application to the screw. Is one of the most im- 
portant objects that can engage the attention of the marine engineer ; for 
the ultimate universality of screw propulsion appears to bo the moat pro- 
babte conjecture at the present lime; and if the screw supersedes the paddle, 
the b«st lorm of direct action engine applicable in the screw, will secure 
the most extended patronage. Unless a verj perfect rotatory be devised, 
the oectllating engine, coupled direct to the crank in the snaJiner we have 
described, will probably uiaintain the supremacy, and we would commend 
that form to (hose who are dv^irou^ of making a selection that is not likely 
•peedily to involve much further change. 

HoK to erect Hide Lerer Krujinex. — Level the bed-plate lengthways 
and acrosx, and strike a line up the centre as near us ]iossible in the middle, 
which iitdcnt with a chisel in various places, so that it may at any time be 
easily louud again. Strike another line at right angles with this, either at 
the cylinder or crank-centre, by raising a perpendicular in the usual tnauner. 
Lay the other sole-plate alongside at the right distance, and strike a litie at 
the cylinder or rrank centre of it also, shifting either sole-plate a Uttle 
endways, until these two transverse lines come into the same line, which 
may be ascertained by applying a straight edg« across the two snle-platea. 
Strike the rest of the centres across, and drive a pin into each comer of 
each sole-plaic, which file down level, so as to serve for points of reference 
at any future stage- Next try the cylinder, or plumb it on the inside 
roughly, and see how it is for height, in order to ascertain whether much 
will be required to be chipped olFtlie bottom, or whether more rei)uires to 
be chipped off the one side than the other. Chip the cylinder bottom fair ; 
■et it in its place, plumb the cylinder very carefully with a .straight edge 
and tilk thread, and sr;ribe it so as to bring the cylinder mouth (n the right 
height, then chip the sole-plate to suit that height. The cylinder must 
then be tried on agaiu, and the parts filed wherever they bear hard, until 
the whole surface is well (itle<i. Next chip the place for the framing ; set 
np the filming, and scribe the horixontal part of jaw with the scriber used 
for bottom of cylinder, (he itprighl part being set to suit the sha(\ centres, 
ud the angular flange of cylinder where the stay is attached having been 
previooily chipped phimb and level. The stake- wedges with which the 
framing is set up preparatory to the operation of scribing, must be so set as 
to sopport e<^ually the superincumlKTit weight, else the frauiing will spring 
from resting unequally, and it will be altogether impossibli- to fit it well. 
In some of the modem direct-action engines, many of the directions here 
given will be found needless, for the cylinder-flange and cylinder-lwittom 
are both faced in the boring mill, and the framing consists of nialliable 
iron rods, which involve but little difliculty in fitting them together -, but 
whoever can fit together a side lever engine with cast-iron framing will 
find little difficulty in fitting together any other kind. 

Centreji and Letigtiu of HotU. — In fixing the positions of the centres, it 
appears to be the most convenient way to begin with the main centre. The 
height of the centre of the cross-head at half-stroke above the plane of the 
main centre, is fixed by the drawing of the engine, which gives the distance 
from the centre of cross-head centre at half- stroke, to the flange of the 



cylinder ; and from (hence it is easy to find ibe perpendicular distance from 
the cylinder-flange to the plane of the main centre, merely by putting a 
straight edge along level, from the position of the main centre to the 
cylinder, and measuring from tlie cylinder-flange down to it, raising or 
lowering the straight edge until it rests at the proper measurement. The 
main centre is in that plane, and the fore and ah position is to be found by 
plumbing up from the centre line on the sole-ptalc. To find the pa<ldle- 
shaft centre, plumb up from the centre line marked on the edge of the sole- 
plate, and on this line lay off from the plane of the main centre the length of 
the connecting rod, if that length be already fixed ; or otherwise the height 
fixed in the drawing of the paddle-shiifl above the main centre. To fix 
tlie centre for (he parallel-motion shaft, when the parallel- bars are connected 
with the cross-head ; lay off on the plane of main centre the length of the 
parallel bar from the centre of the cylinder, deduct the length of ihe radius 
crank, and plumb up fur the central line of motion shaft ; lay off on this 
line measuring from the plane of main centi^, the length of the side-rod ; 
this gives the oeaire of pai-allel motion-shaft, when the raditw-bars join the 
cross-heail, as is the preferable practice wheru par.illel inoiions are used. 
The length of the connecting-rod is the distance from the centre of the 
beam when level, or the plane of the main-centre, to the centre of the 
paddle-shatl. The length of the side-rods is the distance from the centre- 
line of the beam when level, to the centre of the cross-head when the 
piston is at half-stroke. The length of the rodius-rods of the parallel 
nintinn is the distance from the point of attachment on the cross-head or 
side-nHl. when the piston is at half-stroke, to the extremity of the radiui- 
crank, when the crank is horizontal ; or. in engines with the parallel 
motinn attached (o the cross-head, it is the distance from the centre of the 
pin of the radius-crank, when huriKontal to the centre of the cylinder. 

//(w to set tlie Parallel Motion. — We have already described at page 210. 
the method of setting the parallel motion of a beam land engine. In 
marine engines, having fixed the centre of the parallel motion shaft in the 
manner just dcwribed, it only remains to put the parts together when the 
motion is attached to Ihe crass head ; but when the motion is attached to 
the side rod, the eud of the parallel bar must not move in a perpendicular 
tine, but in an arc, the versed sine of which bears the same ratio to that 
of (be side lever that the distance fVom the top of the side rtjd to the 
point of attachment bears to the total length of the side rod. 

The parallel motion when put in its place should be tested by raising and 
lowering the piston by means of the crane: first set the beams level, and 
shift in or out the motion-shaft, pUimmer-hlocks, or bearings, until the 
piston-rod is upright. Then move the piston to the two extrenus of iu 
motiun : if at both cihIh the croHS-head is thrown too much oat, the stud in 
the bf nm to which the motion side^rod is attached is too far out. and must 
be shifted nearer to the uiain centre : if at the extremities the cross-head is 
thrown too far in, the stud in the beam is not out far enough. If the 
eracs-head be thrown iu at the one end and out equally at the other, the fault 
is in the motion side-rod, which must be li'Dgthened or shortened to reme<iy 
the defect. ■ We have already given, in page litu., rulcb for the computation 
of the proper lengths of all kinds of |>arallel motions, and by these rules 
the workman may ascertain whether the rods furnished to him to be fitted 
together are properly proportioned. 

Huip to fct the Siif'le- I'awex, — The first thing is to ascertain whether the 
eccentric-rod is of the right length. To determine this, put the valve in the 
middle of its stroke, so that both ports are covered equally, and fix it in 
that position. Next, turn round the eccentric on the shaft until the eccen- 
tric-rod has reached the furthest point of its travel /nm the shafl, and 
square up from the side of the eccentric pin a line upon the rod. Turn 
round the eccentric again until the eccentric rod reaches the end of its 
travel Um-ardt the shaft, and square up anothf r line on the rod from ikt 
other Aide of the pin. If (he eccentric notch he equally distant from the 
lines thus marked upon the eccentric-rod, the rod is of the right length ; 
hut if the notch be too far down upon it, the rod requires to be shortened ; 
and if too far up, to be tenglhened — in each case to an extent equal to the 
deviation of the notch from the central line. Thus, if on trial, the notch he 
found tn be half an inch nearer to the lower than to the upper line, the 
notch will rwjuirc to be shifted up a quarter of an inch, (o place it midway 
between the lines ; and to do this, the rod niu«t be Mhortrnttl a quarter of an 
inch ; whereas, if the notch ho half an inch nearer the upper than the under 
line, the rod will require to be lenylkeHtJ a qimrter of an inch, and so on in 
all other proportions. 

The right length for the eccentric-rod having been thus obtained, and 
the n>d having been adjusted thereto, the next «tep is to set the crank per- 
pendicular. In a workshop this ii easily done by a plumb-line, bni in a 
steam-vessel recourse miwt be had to another method. Find on the sole- 
plate, or cylinder-mouth if a direct action engine, the transverse centre line 
answering to the centre of the shaft. Describe on the large eye nf the 
crank a circle of the size of the crank-pin, and lay off in a fore .tnd alt 
direction tmm the transverse centre-line on cylinder-mouth or stde-plate, a 
distance equal to the radius or half diameter of the crank-pin. Stretch a 
line from the |ioinl thus marked off to the edge of the circle described on 
the large eye of the crank, and turn round the paddle-wheels until the 
crank-pin just touches the .stretched line — the crank will then be perpen- 
dicular, aud may be set hy this method either on top or bottom centre. 

The crank having been set in a perpendicular position while (he valve 
is set and fixed vitb the amount of lead it is intended to give, the ecceniriv 
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hu only to he turned nmnd npan the shaft nntil the notch come* nppof ite 
1o the pin and ibe rod falld into gear, to determine the rij^ht |H>»ition of the 
eccentric on the tbMft The cituacioa of the eccentric may then lie marked 
upon the thnft, and the catches fitted on in the luual way. The vuive may 
!ir«l he Ml for gttlns a-head, and may then he cet for goin;; astera, — shift- 
ing round the eccentric to the opposite side of the shaft nntil the rod a|tain 
ftU* into gear. The pmsitiou answerable to going a-hea<l in Mime engines 
will be that answerable to going astern in others, depending on the way in 
which the engines are placed, the arrangeTnenl of the levers, and the kind 
of valve employed. It is necessary to recollect that it is the catches which 
drive the eccentric, and not the eccentric the catches, mistakea having 
sometimes ariftc-n from forgctfulneu of this condition 

It is inipoi,gible to give any general rule for finding the length of the 
valve levers or the throw of the v«lve. In most engines, however, the 
travel of the valve i* twice the depth of the [loit. and the throw of the 
eeccntric ia equal to the travel of the valve, 80 that motion is neither 
gained nor |r>Kt by the levers. In engines which do not operate expan- 
cively, the depth of the valve Cice is er|ual to the depth of the port; but ail 
modem engin<'» have a certain amount of lap or cover on the steam »ide ; 
•nd some on the eduction side also. In the Thames and Medway steamers 
hy Hessn. Maudslay, the travel of the valve is IC in., and the length of 
«alve lever ${ tu. ; depth of (lort, 6 in. ; length of port, '2(i in- ; distance 
from upper e<lge of upper purt to under edge of under port, 8 fl. 9] in. ; and 
distance between extreme edges of valve faces, 8 ft. 9^ in. ; so that instead 
of there being cover npon the eduction side, the valve ia one eighth of an 
Inch short at iiich end, and will not cover the ports in any position. In 
aomo engines the upper face is made narrower than the under face. In 
Messrs. Maudslay '» 50 horse power engines, the breadth of the port is 
sin., and its length 15 in.; the breadth of the lower valve fiice is 5 in., and 
of the upper one, 4| in. In the 4S inch cylinders of the some makers, the 
ftixe of pon is 3} in. by 18 in. ; in the 34 in. cylinders the size of port is 
SO in. by 4 in. ; the valve fhcea, 8 in., and '[ in. hmad; and the length of 
the trtrel. 1 1 in. Other makers adopt different modes of setting the valves 
— we believe with little dilfetvuce in the efficiency of the engine. We 
must refer the retvder to the investigations and rules we have already given 
renpecltug sltdc-valve«, as the best guide we can furninh fur fixing the lap, 
lead and other element*, in the absence of a uutformity of practice. 

How In put ihf Eiti/mr* mlo a Sieum Ship. — First, roeasnre across from 
the inside of piiddle-bearen to the centre of the ship, to make sare that the 
ceatral lino, running in a fore and aA directiou on the deck or Ik'ams. 
vaoaJly dni» ii by the carpenter, is really in the centre ; and if it is ntit, 
make a fore and aA line or mark that is in the centre. Stretch a line 
ScniiM between the paiidle-liearer* in the direction of the shaft: to this line 
in the centre of the iihip where the fore and a!^ mark has been made, apply 
a square with arms six or eight feet long, and bring a line, stretched per- 
}iendicutarly frtim the deck to the keelson, accurately to the edge of tlie 
a<|uarf ; the l<i«rr point of the line where it touches the keelson will then 
be iniinediately benenih the mark made on the deck. If this point does 
not couic in the ci'ntre of the keelson, it will be better to shift it a little, so 
ax to bring it to the centre, altering the mark on the deck correspondingly, 
provided eitlxT paildle hlukfi w ill iidinit of this tH'ing done — one of the 
paddle-bracket* l^'ing packed bclgnd with wood, to give it on additional 
|>r<ijectiuu from the >>ide of the paddle -hearer, t'ontinue the line fore and 
aft up<in till' keelwm hs nearly as can lie judged in the centre of the ship; 
atrcich another line f<>r» and aft through the mark u^iou the deck, and look 
il out of winding with the iiue upon tlie keelson. Fix upon any two points 
(ii|nally uistaiii from the centre, in the line stretched transversely in (he 

1^ — • ' ■' - ->■■■'' • mid fciim ilmNe jioints as centres, and with any con- 

iorot>» the fore and aft line to e-ee tlmt the two are at 
I _ _ . ..I, «hil\ the rransvenke line a little to make them so. 

From the iransvera* line next let fall a line npon each outside keelson, 
bringing the edce of the square tu the line, the other edg« resting on the 
kerlson. A {loint wilt thua he got on each outside keelson perpendicularly 
Iw-nrath ihr tTarisverve line running in the direction of the shaft, and a line 
intK will be dirvcUy below the abaft To this 
' rkvil on the sole<pUte has to be brought, care 
' II', that the right di.itance is preserved between 

the Mili>>plute, and the fore and aft line on the 
y part of the machinery is put in, the keel.«ons 
•hnuld U' '. :ruight, and be looked out of winding by means 

of twn (fr^ :trt of placing engines in a ahip is more a piece 

of pi I :»ny other feat in engineering; and every man 

•if It. 1 ale o method of procedure for himself. Fliimb- 

liaoB anu Apini Irvrin, it m otivioua, rannot be employed on board a vessel ; 
■■d the problem eenrists in to plaoiag tbo sole-plstea, without Uiese aids. 
thu tl»« pH4dn*-«haft will not sliod awry across the vessel, nor be carried 
forward lieyond its pbii- by ths fhuning shouldering up more than was 
apected A* a plumb-line c*«tMK be used, recourse must be had to a 
•^tttrSi and it will signify nothing at what angle with the deck the keel- 
MMB ns, •<> lonp »« Ine line of the shafl aern«s the keelsons is squared 
4owa flrnHK - ' ■ntrc. The K4>le-plates being fixed, there is no diffi- 
fVliyhltMM )ier parts of the engine in their proper places upon 

than. Tbr iia>:iiu-i«l>rels TI1T ' ^ >- t,^ fT<im the top Of the paddle-box, to 
#Mihl« tbe abaft tobe mvc : m ; und tie cross stays between the 

♦ ag i iw tboold be fixed la » ...» ...■- ^ cswl u afloat To try whether the 



shafts are in a line, turn the paddle-wheels, and try if the i 
the crank» is the same at the upper and under, and the two bwl—iai 
centres ; if not, move the end of the paddle-thal\ up or down, or 111 awis 
or forwards, until the distance between the cranks at all ib« tmt ocairts 
is the same. 

MiaceOaneout RemarkM regpecting Marine Engtaet. — Thr tjUBfcn 
should be felled, and then cased with wo<k1 that hias b^en bakai wMil il 
will shrink no longer. The steam-pipes should be '^•-<-i •■« iW SBB* «a}^ 
and the boilers should be felted, and then covered v ead«ariAD«l 

at every joint The whole of the screws about the i '>bU be malt 

according to a oaifonn system of threads, and the outs uf ihs Hm«ala>4 
bolts should also be of the same size, so that a single spanner vlU ssrae fbr 
those nuts. The spanners intended for polishetl nuts shiitUd b* dsae Wtk 
single-ended, and they should be themselves [K>lishc<i and nan hard— 1<. 
and ranged in regular order on one of the engiue-ruom hnllihjmll ApMT 
of hross-sbeaved blocks for raising the cylinder cover, and umbir MMlkr 
pair fur raising the air-pump cover, should lie pnivided | mk ■ fOBf 
screw, with a large eye at the end, for raising the paddle-wb*eL teMf 
spanners should also be provided for the hotding-down bolts, mbh e)«»at 
the end, to which a tackle may be applied; and a Ihix hey fcr i 
down the bolts of the pttddle-shan pliimjuer-blocks thrpugb tbc i 
Tallow kettles are little needed if the pistons and cylinder f***#^|t-bif 
have metallic packings. Oil-cans and lamps should tie rwiftd oa • akdf 
in separate stands, sn that they cannot fall off when the w«iMl raQk VW 
every article of engine-room furniture there ahould bt ■ Boywtht aai 
conspicuous place : and if there be any articles of spar* fMT, ifan afanM 
be all kept in «i;;A(. Unless this be done, they are alatost tune to be am 
up with rust, as neglect generally follows their stowage la CA uafrvfMMrf 
or inaccessible place. 

In most steam-vessels a good deal of tronble is eanatd bj IIm beldH> 
down bolts, which are generally made of iron. SomctiBM tbcjr go dMHl 
the Iwltom of the ship, and at other times they mcnfaF ■» »mM|k «| 
keelson, a rwess being made in the floor or timber* tn tatBtt of tte Mlp^ 
ductiou of a nut. The iron, however, wears rapidly away in both Oi^ 
even though the bolu are tinned; and it has been found tb* pnafloilil 
method to make such of the bolts as pais through the botfam. or enlcrlfts 
bilge, of Muntz's metal, or of copper. In side-lever engiDc* four Matali 
metul bolts may be put through the bottom at the crank end of the fi anili 
of each engine, four more at the main centre, and tbur mure at At 
cylinder, making twelve through bolts to each engine; and it ta mora tot* 
venient to make tlie»e bolts with a nnt at each end, as in that case thtMv 
ni.iy be dropped down from the inside; and the necessity is AbrkMdff 
putting the vessel on very high blocks in the dock, in order to rive mam 
to p'lt the bolts up from the bottom. The remainder of the holdin g Joon 
bolts may be of iron ; and may, by means of a square not, be s«frw«4 ate 
the limber of the keelsons as wood screws, the upper port being fiiniislMi 
with a nut, which may be screwed down npon the sole-phste, so aoM la lbs 
wood screw portion is in its place. If the cylinder be a fixed oo«, hsbeaU 
be bolieii down to the sole plate by as many bolts as arc employed lotndl 
the cylinder-cover, and they should be of copper or bnua, in aoj rilaMiaa 
that is not easily accessible, in well-fonned bolts the sptnd groov* pti^ 
tmtes aUiut one-twelfth of the diameter of the cylinder, so that tbo ^BlMlIf 
of the solid cylinder which remains is five<^xths of tbe dismefer over As 
thread. The strain to which iron may be safely ^ 
is one fifteenth of its utmost strength, or 4000 lbs. 
that 2180 Ibn. may be sustained by a screw sii i 
side of the threads. The strength of the h' 
may easily be computed, when the elevating i"M 

centre is known, but it is expedient very much (o exceed tW strrsftb la 
practice, on account of the elasticity of the keelsoat, Um liabiby le 
comosioD, and other reasons. 

A very useful species of oil-cup is now employed in ■ avmbcT of m»> 
vessels ; and which, ii is said, accomplishes a eonsideTmh4e taviaif of oil, rt 
the same time that it more effectually lubricates the haringik ii i 
wheel is fixed opou a little shaft which passes through the side of 
cup, and is put into slow revolution by a pendulum attached I* k \ 
and in revolving, it lifls np little backets of '^'< ""> ""T;>tl«s dMS 
fhnnel upon the centre of the bearing. In^ ' Weta, a Arvi 

pieces of wire arc sometimes hung on the i: '' i^lvin^ vhm^ I 

drops of oil which adhere to ibem on rising from the ii<{aid baitiK dapiailal 
upon a high side set upon the funnel, and wbicb in their tvwaltSMB Ihi 
hsnging wires touch. By this plan, however, the oil is no( «cU napfisi 
at slow speeds, as the drops fall before the wires arc in the proper paMiia 
for feeding the journal. Another lubricator consists nf a cookarfla 
inserted in the neck of the oil-cup, and set in revolntiaa by a peadulamal 
ratchet-wheel, or any other means. There is a small cav-itj Ml tmt ftis rf 
the plug, which i.s filled with oil when that side is appervoit, cad dsBaM 
the oil through the Ixittom-pipe when it comes oppoaiie to h. ]■ aaa 
cases bearings heat from making a cruciform groove ia the top bnm ftr 
the distribution of the oil, the effect of which it to leave Utettpef Ibe 
bearings dry. In the case of revolving journals the plaa of i 
ciform channel for the distribution of the oil does not do 
but in other cases, as in beam -journals for instance, it b I 
and the brasses cannot wear well whererer the plan k panwi. Iba 
right way is to make a horizontal groove abmg the bcaaa when* il ts t silt 



.iiiH*T at tie ost- 
• bolti^ dkendtae^ 
the piatoo or i 



upper surface of the bearing, so that the oil may be all deposited on the 
highest poiut of iht- journal, K-aving the force of gTBTity to send it down- 
wards. This chanu'.4 should of course stop short a small distance from 
esch flange of the brass, otherwise the oil would run out at the ends. 

The paddle ihaf), where it passes through the vessel's side, is usually 
surrounded with a lead stuffing-box, which will yield if the end of the shaft 
falls. This etufflng-ttox prevents leakage into the ship from the paddle- 
wheels, hat it is expedient as a further precaiitioo to Lave a small tank on 
the ship's side imniediatelT beneath the stuffing-box, with a pipe leading 
down to the bilge to catch and eonduct away any water that may enter. 
The bearing at the outer end of the paddle shaft is sometimes supplied with 
tallow forced into a hole in the plummcr bloek cover, as n the case of 
water wheels, but for ressels intended to perforin long voyages, it is pre- 
fbrabie to have a pipe leading down to an oil cup above the jounial. from 
the top of the paddle-box, through which pipe oil may at any lime be sup- 
plied. The eccentrics should be fitted with pans beneath them to catch the 
oil which falls. In vessels liltt'd with Hall's condensers, the pistons and 
atuffing-boxes must be supplied with oil instead of tiillove, us the tallow 
conjieals in the pipes of the condensers and chokes them np. The holts for 
holding on the paddle floats should be mude extra strong on account of the 
corrosion to which they are subject, and the nuts should be made large and 
should be Ri^uare, so that they may be etfeciually tightened up even though 
the comers are worn away by corrosion. Paddle floats, when consisting of 
more than one board, should be iHilted together edgeways by means of 
bolts running across their whole breadth ; ihey should not overhang the 
ring much at the outside of the wheel, else they will be very liable to be 
broken off when the wheel strikes the water heavijy. The aftemiost paddle 
beam should come as close as i>ossibIe to the wheel to prevent the spray 
from bi;ing carried up. The angular pieces or wales running from the ex- 
tremities of the paddle beams to the back of the deck houses, are best when 
fitted with iron gratinga, as wooden gratings arc liable from their greater 
opposing surface to be carried away. The brackets supporting the poddle- 
box steps should consist of circular pieces ninning rour<d the paddle-hox 
from step to step, as when put on with isolated brackets the steps are liable 
to be carried away by the sea. The funnel shrouds should consist of rope 
of the same dimensions as the shrouds of the main mast, but a few feet 
at the top should consist of chain, as rope close to the funnel would be 
burned. 

h is very difficult to fix engines effeetnally which have once begun to 
work in the ship, for in time even the sarface of the keelsons on which the 
engines hear becomes worn uneven, and the engines necessarily rock upon 
it As a general rule, the bolts attachiag the engine to the keelsons are too 
ftw and of too large a diameter ; it would be greatly preferable to have 
smaller bolts, and more of them. Twelve very strong brass or copper 
holding-down bolts going through the ve-ssjl's bottom are sufficient, as we 
have already mentioned, for a side lever engine, and supposing the vessel 
to be a wooden one ; but there should be a larg^ number of wood screws 
securing the sole plate to the keelson, and a large number of bolts securing 
the vnrioui parts of the engine to the sole plate. In iron vessels, holdiuf:- 
down bolts passing throncth the bottom are not expedient, and then the 
engine has merely to be secured to the iron plate of the keelsons, which arc 
made hollow and admit of the most effectual attachment of the enfiite. 
Where the framing is of cost iron, it is very expedient to have one piece 
running across the end of the engines clear of the connecting rod, so ss to 
hind the whole of the frames together, and a cross should extend horizontally 
between the intermediate frames immediately beneath the paddle shaft, so 
as to counteract the disturbing action of the connecting rodii. At the 
cylinder jaw, if the frame works, the best expedient ap|)ears to be the intro- 
duction of a number of steel tapered bolts, the holes having been previously 
bored out ; and if the flanges be thick enough, square keys may also he 
introduced, half into the one tlange and half into the other, so as to receive 
the strain. If the j:i»v cracks or breaks away, a malleable iron hoop may 
be applied round the cylinder, and that will in all cases be the preferable 
expedient, where from peculiarities of structure it can be an easily done as 
introducing b<ilts and keys. If the engines rock very much in the vessel, 
and are defective in other respects, it will be the preferable plan to take 
them out and thoroughly repair them, preparatory to their re-introduction ; 
and the keelsons will then have to be dubbed afresh, and the sole plates 
fitted carefully to them. A common practice is to let the sole plates rest 
on the bolt heads, and then to tit iu wedges sdl i^und until the vacnity is 
filled ; but it is preferable to fit the plates down solid upon the wood, and 
■Dch is the practice of the best engineers. 

Rust joints are not now much used in marine engines, yet it is necessary 
that we should state how they are macie. One ounce of lal-anamouiac in 
powder is added to 18 nuTiees or a pound of borings of cast iron, and a suf- 
ficiency of water is added to wet the mixture thoroughly, which should be 
done some hours before it is wanted for use. Some persons add about half 
an ounce of llowers of brimstone to the above proportions, and a little 
•lodge from the grindstone trough. This cement is caulked into the joinus 
with a caulking iron, about ihree fjuartera of an inch wide, and one quarter 
of an inch thick ; and after the ciulking is finished, the bolts of the joint may 
be tried to see if they cannot be further tightened. The skin of the iron 
must in all cases be broken where a rust joint is made, and if the place be 
greasy, the surface must be well rubbed over with nitric acid, and then 
washed with water until no grease rcmaiiu. The oil about eugiues has a 



tendency to damage rust joints by recovering the oxide. Coppersmiths 
staunch the edges of plates and the rivets by means of a ceroeni formed of 
pounded tjuick-linie and serum of blood, or while of egg, and in copper 
boilers such a sub.*tance may be useful in stopping the im|>a1pabie leaks 
which sometimes "ccur, though Roman cement appears to be nearly as 
effectual. It would be worth trying, however, whether the mixture would 
not prevent the internal corrosion of boilers, if laid on as a ])uint. Wire 
pauze smeared with white or red lead and interposed between surfaces made 
quite true, ajipears to be the best descriptiim of joint yet introdi;ced, and 
has now become identified with the practice of the best engineers. 

Afr.tah «/.?«/ in the ('tmiitnirtioH v/ Ktniiiies. — Tho general ambition in 
making cylinders is to make them sound and hard ; but it is expedient also 
to endeavour to makt them tough, so as to approach as nearly as posaible 
to malleable mm. This may best be done liy mixing in the furnace as 
many different kinds of iron as possible j and it may be set down as a 
general rule in inm founding, that the greater the number of the kinds of 
iron entering into the cotiiposition of any casting, the denser and tougher 
it will Ik*. The constituent atoms of diti'erent kinds of iron apia'ar to he of 
dJHerent sizes, and the mixture of difl'erent kinds maintains the toughness 
which adds to the density and cohesion. Hot blast-iron was at one time 
gencrolly Iwlieved to be weaker than cold blast, hut it is now found to be 
the stronger of the two. The cohesive strength of unmixed iron is not in 
proportion to its specific gravity; and its elabliciiy and power to resist 
shocks appear to become greater as the specific gravity becomes lesa. 
We have given, at page liG., the results of Mr, Fairboim's experiments on 
the strength of iron, and may here add the average results of a number of 
experiu\ents made in Scotland npon the same subject. The bars ex- 
perimented ou, were one inch square and three feet Jong. Coltuess iron 
(No. 1.) bore a weight of C;t6 lh.-»,, and the same iron (No. a.) bore 649 lbs. ; 
GarUherrie (No. l.j bore 633 lbs. i Shott's (No. 1.). 594 lbs. ; Wilsootown 
(No. 1.), 706 lbs., and (No. a.), 718 lbs.-, Pintwyn (No. 1.), psilbs.; 
Calder (No. .3.), 76.'j lbs. ; tiovan (No. 3.), G45 lbs.; Kumbow (No, 2,), 
7'M lbs. Mixed irons are found to be stronger. Coltness and GarUherrie 
(No. I. J bore 642 lbs. ; Coltnesa, Castlehill, Shott's, and (Jartsherrie (No. 1,), 
639 lbs. ; <.'oltne.ss (No. 1.), aud Bunrbow (No. ii,), 677 lbs, A mixture con- 
I'lstJDg of 2 tons Pintwyn (No. I.), 4 tons Pintwyn ,;No, 2.), .'> tons of Wil- 
Bontown (No. 2.), 3 tons of ^Mlsoutown (No. 3.), .1 tons of (.'alder (No. 2,), 
and 4 tons of Calder (Na •")■), bore 1,008 lbs. ; and a miscelhiueous lot of 
old cast iron of the cold blast manufacture, from Wilsontown, Iwre l,5(iUlb8 
Numbers 3 and 4. are the strongest irons in most cases : iron remelted iu 
a cupola Is not so strong as when remelted in an air furnace : aud when 
run into green sand i.1 is not reckoned so strong as when run into dry sand 
or loam. The quality of the fuel, and even the state of the weather, exerts 
an influence upon the quality of the iron: smelting furnaces on the cold 
blast principle has'e long been known to yield better iron in winter than in 
summer, probably from the existence of less moisture in the air ; and it 
would probably hi- found to be an improvement in iron-founding if the 
blast were to pass thi-ough a vessel containing muriate of lime, by which 
the moisture in the air would be extracted. The secret of making fine- 
skinned eastings lies iu using plenty of blackening. In loam and dry sand 
castin;;* the charcuat should be mixed wiili thick clay water, and applied 
until it is an eighth of :ui inch ihiek, or more; the surfiwe should then bo 
very carefully smoothed ar sU't*ki-d, and if the metal has been judiciously 
mixed, and the mould thoroughly drii d, the casting is sure to be a fine 
one. Dry ssnd utid kiam castings should be as much as possible made iu 
boxes ; the moulds may thereby he more rapidly and more effectually 
dried, and better castings will be got, with a less expense. 

In the malleable iron work of engines icrap iron has long been used, and 
cousidere*! preferable to other kind.s ; but if the parts are to be ca«e-hard- 
eupd, ua is now tlie usual practice, the use of scrip iron is to be reprehended, 
as it is almost sure to make the parts twist in the ease-hardening pro- 
cess. In case-hardening, iron absorbs earbfin, which causes it to swell : 
some kinds of iron have a greater capacity fur carbon than otht-r kinds, 
and in case-hardening they will swell more; and any such unequal enlarge- 
ment in the cojistitueui portions of a piece of iron will cau.<;c it to change 
its figure. In some instances case-hardening has caused such a twisting of 
the parts of on engine, that they could not arterw.irds be fitted together. It 
is preferable therefore to make such parts as are to be case-hardened to any 
considerable depth of Lowmoor iron, which, being homogeneous, will absorb 
carbon equally, and will not twist. 

Piston-rods ore now vt-rj generally made of steel, and are obtained of 
the requisite size aud quality from the rolling-inill. Steel is made almost 
exclusively from Dannemora iron: the bars are arranged in a furnace ali<mt 
14 feet long ; a layer of charcoal is spread over the bottom, then a layer of 
bars, and so on until about 10 tons of iron has l»eeu introduced. The top ia 
covered with charcoal, over which is a layer of sand, and above that a layer 
of slush from the grindstone trough, applied wet. the object of which is 
entirely to exclude the air. The fire is then lighted, and in about a week 
the irnn*will have increased in weight a ouc hundred and fiftieth part, 
and hv found converted into blistered steeL These bars may then be fag- 
gotted and lilted, so as to form steel articles of any si^e. In the operation 
of case-hardening the same process is carried on as in converting iron into 
steel, but it is only continued for such a time as to etvable the charcoal to 
penetrate to a moderate depth. Iu our jiidgntent all the malleable iron 
parls of a marice steam engine should be case-hardened, as they cauuot 
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Utco be so easily defaced, by hammer marks or otherwise, and will be much 
ItM liable to rust The more imn-it:M} portiont may b« case-hardened by 
pfascbu of poUsb. a ull made from animal substances, composed of two 
atoms of carbon and one of nitro^ren, and which operates on the some 
principle as in the case of case-lianlening by means of charcoal. The iron 
IS heated in the fire to a duU red heal, ond tho salt is cither sprinkled upon 
it or rubbed on in the lump, or the iron is ruUed in the »lt in powder : the 
iron is then returned to the fire for a few minutes, and immersed in water. 
By some persons the vih is ouppo«i-d to act unequally, as if there were 
greasy spots upon the iron which the salt refrnted to touch, nod the effret 
Wider any circumstances \s exceediairly superficial ; nevertheless, upon .ill 
parts not exposed to wear, a sullicicijt coatinp of steel may be obtained by 
this process. The most common plan of case-hardening consists in insert- 
ing the ariiclet among hum or leather cuttings, bone dust, or animal char- 
00*1, in an iron box provided with a tight lid, which is then put into a 
fiimace, and kept hot fur a i>eri'>d answerable to the depth of .Mecl required. 
Id some eases the plan purnued by the gunsmiths may be employed with 
coorenience. The article i» inserted in a sheet^iron caoe, amid bune du»t, 
odeo not burned ; the lid of the box is tied on with wire, and the joint luted 
with clay, and the box it heated to redness as quickly os possible, and kept 
half an huur at a uniform heat. Its contents are then suddenly immerged m 
cold water. The carbonaceous lining in the inside of old retorts is some- 
times used in case-hardening with good effect. 

Steel is hardened by heating and cooling it suddenly, and aoftencd by 
beating and cooling it slowly. A thin blade of steel, if heated, and phu?ed 
bc'-wecn the cold hammer and anvil, will become extremely bard ; whereas 
a thick piece of steel would not be made hxml by such a mode of trea t- 
ment. Mercury has been proposed, instead of water, for hardening steel. 
twt its ose is not attended with sensible advantage. Halt and water is also 
uaed, but the articles immersed in it are liable to rust, unless aAerwards 
oteeped in lime-water. Water which has been long used for tempering is 
oni^MMed to be preferable to fresh water, and if the steel is har^h the chill 
ia taken off tho water. In the case of thin edge tools the water is some- 
tiowf OQTered with a film of oil. bat it ia a qoestion whether plain water is 
not prefrrablc. The file makers medicate the water they use for temper- 
ing, and the method of iloing mi fornix one of the secrets of the trade ; but 
it appears probable that a little white arsenic is the chief addition they 
moke. A common practice with some steel articles is to make them in the 
flrtt itutOBce as hurt! at |io**ible, and then to soften them somewhat, or let 
tti«m down, as it in called, by heating them to a certain temperatnre, which 
ii indicatdl by the colour they assome. A pale straw colour, which is ia- 
dicatiTc of a tero(>erature of from 4.S()° to 4M°, is the colour proper to tools 
for metal -. a dark straw colour, 470'* U} 490'', is that suitable for tools ff>r 
wood and for screw taps ; a brown yellow, verging to a light purple, C)W^ 
to .'i,t(K>, IS the colour suitable fur hatchets and saws ; and a dark blue, .'jSU'' 
to OiMl°, i» the colour for springs, 8tcel dies may be tempered by heating 
them to the colour of sealing wax, plunging them into naphtha heated to 
100°. and so soon as eballitioo ceases plunging them into cold water. It 
appears to be the prevailing opinion among wxperienccd mechanists, that 
Ibr the great majority of articles requiring to be temjiered, plain cold water 
is the beat agent, but that for small elastic works oil is preferable. For letting 
dMWQ large toola, a red hot muffle is a convenient instrument, and is used in 
the Bank of England. Steel articles may be most effectually softened by 
cxposiuc them to a high heat, imbedded in a mixture of charcoal and 
Olid cluilk. Steel that has b<?cn spoiled by overheating may be recovered 
by beating and <(aetiebing in water four or five times, carrying each to a 
•omewhat leas degree than the first excess, and finally the steel must be 
wpU hammered at a red bctt. cootiauing the hammering imtil the steel is 
ucarl) cold. 



Copper and sine seem to mix in all proponioos, and ever^ addttioa ( 
sine increases the fusibility. The red colour of cupper slides iato thai of 
yellow brass at about 4 or b o%. to the pound, and rvniaioa little altcni la 
about 8 or 10 oz, ; after this it becomes whiter, and when M ot. i>f aia» ■» 
added to 16 of copper the mixture has the brilliant silvrr^- colour of •!•- 
culum metal, but with a bluish tint The aUoyn with ame retsiB t!«nr 
malleability and ductility well, to about 8 or 10 ounce* to the pooiut ; ofWr 
this, the crjstalline character begins to prevail The atk>y of i siar ani 
I copper may be crumbled in a mortar when cold. The otxliiiarjr nafvi# 
good yellow brass, that files and turns well, i.« from about 4^ to 9 aa. In ika 
pound. Brazing solders may be stated in the order of their hanlaaoi — 
3 parts copper and 1 part zinc (very hard) ; 8 parts braw ood I part aae 
(hard) ; C parts brass, I part tin, and I part zinc (soft). K '^'err eoooMB 
solder for iron, copper, and brass coniiists of nearly equal pans of hjh w? 
and zinc. Mnntz'» metal consists of 40 parts of zmc r' 
Any proportions between the extremes of JO zinc and 
zinc and 63 copper, will roll and work at the red heat^ out 41 • zmr u» wi 
copper are the proportions preferred. Bell metal lor large beila «iamaMaf 
4) oz. to 5 oz. of tin to the pound of copper. Speculum metal cvoaiaa of 
from 7^ oz. to 81 oz. of tin to the pound of cop[>cr. Tough hnm Iv 
engine- work, IJ lb. tin. Ij lb. zinc, and lo lbs. copper. Hnua fer baas| 
bearings, 2) oz. tin, { oz. zinc, and I lb. copper. There is a fcrrat 6^t» 
ence in the length of time brasses wear, as mode by diifeTrat auaal b^ 
turers, but the difference arises as much f^om a different qaantity of ■aaftea 
aa from a varying composition of the metal. Brasses slumld alwvya fca 
made strong and (hick, as when thin they collapse upoa th* akaft, aai •• 
crease the friction and the wear. 

Babbit's patent lining metal for bushes has latterly be«ai bitradarai b 
the bushes of locomotive axles, and other machinery, oampoaed of t Ik of 
copper, 5 lbs. regulus of antimony, and bO lbs. of tin. or otaer ataulor or^ 
portions, the presence of the tin being the only material enoditlvs. TW 
eop|)er is first melte<l. and the antimony is added, with a amall po Wi oa af 
the tin, charcoal being strewed over the metal in the cmoM*. to |w rtet 
oxidation. The bush or article to be line<l having becB cait with a new 
for the soft metal, is to be fitte<l to an iron, formed of the th»fm tmi M* 
of the bearing or journal, allowing a little in use for the dtriaki^fe | ld# 
hole for the reception of the soft metal, say from J to {of an iadi Hamttmi 
wash the parts not to be tinned with a clay wash, to prevent lh« »4kaiiaa 
of the tin ; wet the part to be tamed with alcohol, aod apriaUa flaa aal 
ammoniac upon it ; heat the article till a fume arises from the uamma^ 
and immerse it in a kettle of Bancs tin, care being taken to imrsmi oa* 
idation. When «u(!icii-ntly tinned the bush should be ooaktd ia valo; ta 
take o)T any particles of ammonia that may remain apoo it. as tlia ammttm 
would cause the metal to blow. Wash with fine pipe elay aod dry, tkm 
heat the bush to the melting point of tin, «ipc it cUnn, aod poor ia Aa 
metal, giving it sufficient head a* it cooU ; the bush should that far vawid 
with fine sand, to take off any dirt that may remain uptm K, aad b ia ibM 
fit for use. This metal wears for a longer time than ordinary >«b BMOi 
and ii» use is attended with very little friction. If tke Wanag hum, 
however, from the stopping of the oil-hole, or otherwise, tk« BMM vfll W 
melted. ouL 

Details or BoiuEoa. 

Prnportiom*. — The plate we have given of the propactfaM flf loalM 
aod Watt's waggon boilers, of various powers, b a rery iraballa gdit ia 
the coTistniction of all kinds of land, and even of mariae boiler* ; ibr ibMr 
proportions have been fully tested in practice, and found mora ■• 
than any other for ordinary occasions. We nay ben 
chief proportions of this species of boiler. 



Paoroanoii or Boitltoh A.>rD Watt'i Waoooa BotusRs or tariods powkbo. 



BoBOi^ Pffwaa 



Length 

Breadth at woter-Une - - - 

Height 

Height of water - - . . 
liatliUK uf ertiwn - . . . 

Ilcoiitm surface - ■ . . 
flaia^ of flue round botlcr • 
Wwn erf flue round boiler 
Heating surfbeo per bone power - 
Capacity uf Mcaa room in cubic feet 
^^^IT*"* of water ia eubtc feet 
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The 30 and 45 horse power boilen contain internal flues. 



A ponnd of eoal raises abont 9 Iba. of water into steam, in the minority 
of flood land boilers ; but in oone of the Cornish boilers, a pound of ooal 
raises 1 3 lbs. of water into steam, or a cwt ot cool evaporate* about 30 
oahie feet of water. The weight of fuel burned on each square foot of 
frata-ban vaiica eery much in different boiiers ; in wafguo boilers it is 



About 12 or l.tlbs., in Cornish boiiera tram 3| to 4 Iba., and w tora 
boilers about 80 lbs. The number of cqoare feet of baatiw aaA 
each tquare foot of fire grate, ia in waggon boilers from 14 <e |C( 
feet; in Cornish boilers, abont 40 square feet ; and to lococMOt:^* k 
upwards uf 70 tqaare feeC Reckoning an engine of 73 iaebos daa 
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cylinder, and 7 feet length of stroke at 2] 7 horses' pover, the area of fire 
grate in the ino!«t judiciuusly constructed marine flue bailers, such as that 
of the Great >V't-gteni, is "46 of a square foot, — the engine working expau- 
lively from one third to one fourth of the stroke. The heating surface in 
thia boiler is 8'8 square feet per horse power, if the horse power be reck- 
oned by our rule, page 107., so that the heating surface is ID times the 
area of the grate surface ; and if the cuaiiuinption of fuel be taken at C lbs. 
per horse power per hour, as it was very nearly, there will be about 13 lbs. 
of coal consumed per hour on each square ftxit of fire grute. In the tubular 
boilers latterly introduced into steam vessels, the proportions are somewhat 
different. The boilers of the Braganzu, reckoning the power of the en- 
gines at 289 horses' power, have only '39 square feet of fire grate per horse 
power, while the heating surface is 11*08 square feet per horse power ; bat 
the grate surface, in this case, admits of a ready increase by lengthening 
the bars. This is at the rate of 30 71 square feet of beating surface fbr 
one square foot of fire grate ; and if the consumption be taken at ti lbs. per 
horse jwwer per hour, there will be 15-38 lbs. of coal coasuined per hour 
on each square foot of fire grate. The grate surfiice per horse j>ower in 
the tubular boilers of the Tagus is '38 square feet, and the heating surface 
is 7-73 square feet, which is at the rate of 20-39 square feet of heating 
surface per square foot of grate. lu the tubular boilers of the Sydenham, 
the proportion is 21-64 square feet of heating surface per foot of grate, but 
the proportion of grate per horse power is larger than in the Tagia. In 
the tubular boilers of the Ocean steamer (23'i horse power) the prate sur- 
face per hor.se fwwer is '.W square feet, the heating surface KI-4S square 
feet per horse power, which gives 22*8-* square feet of heating surface per 
square foot of grate. The consumption of coal per horse power per hour 
is 6'68lbs., which is at the rate of 14-71 lbs. per square foot of lire grate 
per hour ; but if, for the sake of comparing it with the previous examples, 
the consumption be taken at dibs, per horse power per hour, as would be 
the case if the engine were worked more expansively, then the consump- 
tion of coal per hour on each square foot of fire grate woold be 10-17 lbs. 
These particulars may be tabulated thus ; — 
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The boilers of the Pfumix, by Messrs. Peon, are represented in one of 
our plates. 

The amount of steam room in boilers Taries very mneb. Waggon boilers 
of 2 horses' powt-r, it will be otaerved, have about 8 cubic feet of steam 
room per horse power, and the proportion diminishes as the size of the 
bi>iler is increased, until at 45 horse power the steam room is about 5 cubic 
feel per horse power. In the tubular boilers of marine engines, the pro- 
portion is less than this. The tubular boilers of the liniipnua have about 
3-44 cubic feet of steam room per horse power; those of the Ocean, 2'58 
eabic feel, while some have as little as I '9 cubic feet; but these last are 
uddicted to priming. The proportions of half a sciiuirc foot of grate sur- 
fiwe, 10| to 11^ square feet of beating surface, and 'J cubic feet of steam 
room per horse power, seems to answer very well for tubular boilers when 
the engines work expansively through one third or one fourth of the 
stroke. In these estimations, the whole of the tube surface is reckoned as 
effective surface. 

The proper arrangement of heating sarface in ■ boiler, so as to prevent 
the overheating of the plates, is very important. Surfaces exposed to a 
high temperature should always be so made that the steam may disengage 
Itself easily from the metal j for if it be retained in contact with it for any 
considerable time, the access of the water will be preventcfl, and the plate 
will become overheated in consequence. The vcrticol sides of high fur- 
naces are ofleo greatly damaged from this cause: (he steam is retained 
among the landings of the plates and other irregularities of surface, and 
the sides of the surface become buckled and drawn from the iron becoming 
overheated- It is very expedient, therefore, to moke all furnaces of ma- 
rine or locomotive boilers wider at the bottom than at the top. after the 
fashion shown in the plate of the Phtmir steamer, by Messrs. Penn ; the 
landings of the plates should also be made so as to prevent the possibility 
of (rteom being retaiued in theoiu The aftermost tube plate should be set 
at a slight angle to facilitate the liberation of the steam ; and as the tubes 
will thus be somewhat off the horizontal, any water which may escape by 
leakage will run into the furnace, instead of incommoding, the firemen by 
running out of the smoke-box doors. 

CunUructiuH nf Boiler t. — The whole of the ibellt of boilers intended to 
withstand any considerable pressure, should be double rivotted, with rivets 
S| inches from centre to centre, the weakening effect of double rivelting 
being much less than that of ainglc rivettisg. The fomaces above the 



line of the bars should be of the best Ix)wmoor or Staffordshire scrap plates. 
three eighths thick, and each furnace above the bars should consist of three 
plates, one for the top and one for each side, the underseom of the side 
plates being beneath the level of the furnace bars. The tube plates of 
tubular boUcrs should be of the best Ix>wmoor iron, seven eighths to one 
inch thick ; the shells should be of the best Thomycroft S crown iron, or 
of Staffordshire iron, of good quality, and seven sixteenths thick at the 
least. Angle iron should not be used in any part of a boiler, as in the 
manufacture it hecomes reedy, like wire, and is apt to split in the direction 
of its length. It is a much safer dependence lu bend the plates, if it be 
carefully done, and without any mure sharp turns than can be helped, but 
it is convenient to asc a little angle iron about the furnace mouths, which 
should be of the very first quality. The whole of the plates of boilers 
should be punched with a double punch, one nipple of which enters the 
hole last puached, wliile the other punches the bole ; and it is very con- 
venient to have the punching press provided with a travolling table, 
whereby the operation of punching and paring the edges of the plates is 
made a sclf-actiag one. The use of drifts and screw-jacks in putting the 
parts of boilers together, should not be permitted. The rivets should be 
of the best Lowmoor iron, eleven sixteenths in diameter. The whole of 
the work should be caulked both inside and outside, so far as it is access- 
ible ; the partfl may then be washed over with a solution of sal ammooiac. 
and the rivets and landings above water painted over with a mixture of 
whiting and linseed oil, as mentioned at page 202. It is very desirable 
that the space between the f^imaces and tubes of tubular boilers should be 
sufficiently large to enable a man or boy to get in. The bend joining the 
top of the furnace at the after end with the bottom of the tube plate, is 
very liable to get burnt away ; and its repair will be most difficult, unless 
mode accessible from the inside to bnld on the rivets. The boilers of the 
SytlctJiam, page 65., ore very judiciously fonncd in this as well as in most 
other respects ; it appears expedient, however, to shield this and another 
such exposed part, where the heat acts injuriously upon the iron, by means 
of fire blocks moulded to the place, and secured by nuts sunk into dove- 
tailed recesses in the substance of the block, which recesses are finally 
filled up with fire clay. In new boilers even, such an application is most 
expedient in situations in which injury to the iron, from the impact of 
flame, is experienced or apprehended. The plate on tl>e furnace side of 
the water-space at the end of the boiler should be inclined considerably 
towards the tubes to facilitate the ascent of the steam ; and it appears to be 
the preferable way to round off the top of the chamber leading from the 
fomace to the tubes, as in the case of the Braganxa'a boilers, shown at 
page 67- It appears preferable, too, to xig-iag the tubes sideways, as in 
the case of the Bmiianzn'H boilers ; as a greater strength of iron is thus 
got between the holes in the end plates, withoat diminishing the facility of 
scaling the tubes, or introducing any instrument down between tbem to 
keep the spaces clear. 

Tttfiing and ttatfing of Boilers. — The tubes of boilers are most generally 
secured at the ends by means of ferules driven tight into them, the holes 
in the end plates being usually countersunk, and a corresponding projec- 
tion being made on the ferules. The ferules next the furnace are best 
made of steel, while, for the other ends, malleable iron ferules answer as 
well. The tool in which the ferules are made consists of three pieces ; one 
piece is set in the anvil, and consists of n flat plate with a nipple on it, 
rising to half the depth of the ferule, and rounded at tli* comers; the next 
piece consists of a ring furnished with a handle, and with its lower edge 
recessed slightly into the flat plate so as to steady it, and ibis ring is larger 
in its internal diameter than the nipple by twice the thickness of the fertile ; 
the last piece consists of another nipple made like the first, but formed 
with a head like a pnncb. A small hoop is formed by welding a piece of 
steel or iron, and is dropped into the space between the interior of the 
ring and the lower nipple ; the upper nipple is then forced down by striking 
the punch head with a forge hammer, whereby the ferule is moulded to 
the right form: the parts are finally token asunder, whereby the ferule is 
liberated. 

In brass tubes the use of ferules appears to be indispensable, but in the 
case of stout iron tubes, such as Russell's patent boiler tube, they arc un- 
necessary ; and the best plan, when iron tubes are used, appears to be to 
widen one end of the tulw slightly, and to drive the tube in fhim the front 
of the boiler into both tuK> plates, the holes in the troni plate being made 
one sixteenth wider than those in the back plate, and the tube being 
widened correspondingly. lieforc the tubes are driven in, the holes in 
the tube plates must be slightly countersunk, and the tubes must finally 
be carefully rivetted in. It will be expedient to screw a few of the tuliM; 
into the tube plates instead of rivetting them, so as to serve as stays, and 
also as abutments to rivet the rest of the tubes against The screwed tubes 
should be left a little longer than the others ; and thin nuts made of boiler 
plate should be screwed upon the projecting ends to prevent leakage, and 
add to the security of the staying. In fitting in the tubes in this way, great 
core )* necessary to moke them perfectly tight ; and it will be expedient to 
turn the ends slightly in the ItUhe to give them a trifling taper, and make 
them all precisely of the same size. In driving them in, each tube should 
not be driven home nt once, as that will spring out the iron between the 
holes, but they should be all fitted in first with the common chipping 
hammer, and when thus all equally fitted, they should be driven home by 
a heavy hammer, or rum. The countersink in the holes must be but 
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flight, and moit be filled rather by riretting ap endwiyt thu by rivetting 
AVer. In lome cuet, boilers are made with collars rivetted on the tabes 
imrnvdiately behind the tube platet. but this pliui is aUt-nded with the ob* 
jcction that a tube cannot be renewed without takiug the boiler asnnder; 
and with the still greater defect, a« it appears to a«. that the zois of the 
tiit)e« will be liable to get burned away in consequence of the intenial 
enlhir preventing the access of the water. Boilers fomied on this plan, 
therefore, will, we believe, be fotmd to become leaky at the ends of the 
tubes ; and noless stayed, independently of the tubes, the tube plates will 
be forced asunder by the prvasure of the steam. 

We can best illuxtratc our views upon the staying of boilers by taking a 
particular case, and we may suppose il»at it was required to stay the boilers 
of the Phanis, representA.'d in one of our plates, in such a way as to be 
safe under a very high pressure. To do this, it would be necessary to stay 
the sides nf the furnaces to one another by three stays in the direction of 
their heipht, and five or six stays in the direction of their length. The 
highest row of stays woald run along where the crown of the furnace joins 
the side, and the lowest where the bottom of the fbroace joins the aide, the 
third being situated in an intermediate position, so as to be shielded as 
much as possible by the fomace bars from the action of the heat The 
bottom of each fhrnacc should be stayed to the bottom of the shell by two 
rows of Mays, and the tops of the furnaces should be secured by means of 
arched malleable iron bars, to which the plate would be stayed as in loco- 
motive boilers. Thejic arches should touch the plates only at the points at 
which the stays go through, and their lower edges should be sharpened 
•way in order to facilitate the disengagement of the steam ; they may be 
joined together athwartsbips, or made in the same piece, and from the part 
opposite each water space a row of stays should run to the top of the 
hoiler. To enable these stays to pass, a perpendicular row of tubes must 
bo left out opposite each water space, which will have the further advantage 
of enabling the water to circulate with greater facility. The steam chest 
ahonld be stayed both fore and aft and across, with stays pitched 18 in. 
or 2 ft. apart ; a row of athwartship suyt should run horiiontolly acrosa 
immediately under, and another immediately above the tubes, and from 
tlie ends of the stays of the superior, to the ends of those of the inferior 
tv>w, vertical bars should ascend between the tubes and the shell, to which 
the shell may be suyed while the sides of the water-space between the end 
of the fumacee and the end of the boiler arc stayed with stays of the same 
dimensions and pitch as those of the fiirnaces. These stays may consist 
<if I \ in. holts of the best scrap iron tapped through both plates, and in the 
furnaces they should have thin nuts of boiler plate on their ends; bat 
whi-re stay bolts penetrate the boiler shell, they may have heads on the 
outMdr of the boiler. The whole of the long slay bars should be fixed in 
ttii-ir places, not niih cutters, as is the common fashion, but with rivets; 
they itbould be as it were built into the boiler, so that the safety of the 
boiler cannot be endangered hy the decay or accidental detachment of a 
cutler or pin. Where *tays jom on to the root of the funnel, they must be 
continued thmngh it by placing short stays in the iuside, aud wherever 
a large perforation in the shell of a hoiler occurs, from the application of 
a iteaill oheM or otherwise, a suflicient number of stays should be put 
acrosa the opening to make the strength as great as if there were no 
perforation. 

Ketpccting the strength of boilers, we hare already made some oheerra- 
tions at pages »-2. and $3., where we have stated that it is expedient to keep 
within a load of .HOOO lbs. upon the square inch of iron in boilers in actual 
iim* The breaking strain of good iron u about 60,000 Iba. on the aqoare 
inch, but the best malleable iron will not bear a greater load than about 
l8,fXiO lbs. on the square inch, without permanent derangement of stmc- 
ture, or 17,8(M) lbs., as is slated at page 102. Trvdgold gives a rule for 
determining the strength of cylinders, cylindrical boilers, and other such 
TcsicK which gives proportions not far from those which are advisable. 
It 14 this: — Multiply 2-54 times the internal diameter of the cylinder by 
the greatest force of steam on a circular inch -, divide by the tensile force 
the metal will hear without permanent derangement of structure ; the 
rcouk b the thickneu in inches. In practice, the iron of Iwilers has some- 
tisMa to sustain a greater strain than what is indicated in this role. The 
tttaool strain to which iron can be safely subjected in machinery, is 4000 lbs. 
on the square inch, and this strain is approached in locomotive engines. A 
cylinder 1'^ in. diameter, with a piston-rod I] in. diameter, and with steam 
of HO lb*, on the Kjiure inch, bears a tensile strain of .1766 lbs. on the 
square inch. I'pon the iron of the boiler the strain is still peater. being 
u." ' ■ \\m. on tbe square inch. If the plate be ^ thick, it will require 
iigth of the biriler to make a square inch of sectional area, and 
il ;„. U.,^..K-ter be X* in., the separating force will be 39 x 3-3 x 8U-c9984 
Iho. But this strain is home by a square inch of sectional area on each 
■id* ol^kt boiler, wherefore the strain on a single square inch of sectional 
MM k half of Ihiti, or about 50*XI lU. This takes no account of the sup- 
port d er i rri from tbe boiler ends, bnt in long boilers the support derived 
frmn the ends is but small, and is not equivalent to the weakness caused 
liy the rivrt holes. A strain at all approaching that upon locomotive 
boilers would be aaott itaaafe ia tba coae of marine boilers, on account of 
the corrasiuo to vUeh thij ore aaliiiMt. All boilers should he proved 
vith water when new. to three or fiwr times the pressure they are intended 
10 carry, oad they should be proved occasionally by the hand-pump, when 
is tHC^ (o detect aoj weakaeaaea that corrosion may have created. In 



connection with the strength of boilers, wc may state that the •• . 
tration des Fonts et Chaussees," in France, has fixed the follawiag I 
for the dimensions of safety valves for stationary engines, i/— dlaa 
centimetres ; c^the total beating surface in square metree ; ■■■tlia cfl ^ ctiw 
prcaoure in the boUer in atmospheres ; 



d»»t 



\r n- 0-412' 



A metre Is 3 28 feet, and a centimetre is the hundredth part of a t 
or -O-Sas of a foot. Every marine boiler should be provided with a 
valve, the action of which is independent of that of the stop rolvc, ao ite 
though the stop valve becom«a deranged, the safety Tolveof that ticahi liB 
nevertheless act. 

It is very desirable that a marine boiler should be fired f^n the ow 
end only, as in the case of the Ph<Bnix, a material saring oif loma Mag 
thereby effected in the ship, la that cose, too, there is no indncctBCOtt tOHB 
more than one funnel- Funnel plates are usually 9 &«t long and A »^t^_ 
and if there b^ a platform for cool over the boilers, it will b« um taol 
economy to make it of tbe same thickness, but the other parts of tha 
bunkers may be made of sheet iron weighing 8 lbs to the s')oar« toot. IW 
dampers should not he in the funnel, but in the top of the uptake, ao that 
they may be closed if the funnel is carried away. It is expedient to 1^ 
two hoo|>s upon the funnel for the attachment of the funnel ohrv^a, m 
that the funnel will not he carried overboard should the bolts ioWagiki 
lugs of one hoop break, or should the funnel break scroa at the ttm MM^ 
as has sometimes happened from the corrosive action of tbe ittaa eacoiw 
at the waste steam pipe. A high angle iron cooming sboold mmoMaa 
funnel, on the deck, outside of which should rise a sheet iron «— *^ «|| 
this sheet iron casing should be rivctted to the cooming or made frik 
tight thereto, to as tn prevent the possibility of water leaking de«a ea tm 
of the boiler. Over the casing, another short piece of caatag rmoad to 
the funnel should descend fur about a foot, so as to prevasM the nray fttto 
entering between the casing and the funnel, and thna getth^dovm aami 
the boiler. Tbe usual height of tbe funnel of seorgoing nttrntn m ftoB 
40 to SO feet 

MiMctUnneoux Hemarkt abouf Boiler*. — All the rough BQta oboat a Ma^ 
vessel which require to be screwed and unscrewed fivqucntly. s«ch at tla 
bolts of the man-hole and mud-hole doora of tbe boiler, f H'?fl li has« lataa 
square nuts, and the Mis should be strong and hare coaroa throMk 
Hexagonal nuts s|(eedily Iwcome rotmd in the haods of the firOBca, W 
whom the mud-hole and man-hole doors are generally takea a8, aad fc* 
threads soon get stripped and overran. It is much the safest way toBOt aa 
both mud-hole and man-hole doors from the inside, with cross ban eo iha 
outside to keep them closed. The plan sometimes followed, of |«t»^ ^ 
mud-hole doors fh>m the outside, imd securing them by one or two Mm, h 
a practice we have already reprehended as full of danger, as, if the thraal 
strips or the bolt breaks, the door will tly off, and the boiling water rush 
out scalding CTery one in the vicinity. Mud-hole doora of thw kind. r««a 
ifthey leak, cannot be screwed up to tighten them when the steam is Bfkaa 
there is a perpetual risk, in tightening the doors, of stripping the thnadw 
breaking the bolt 

We have already, in pages 84. and 93., made some remarka mfim tht 
corrosion of boilers, and have here but little to add upon tbe aobiect. 1W 
tops and steam cheats of boilers, and the bottoms of the ash-psio, orv the 
flrat parU to give wa^. The steam-chest weara chiefly from iatenoJ wethm i 
io some esses the iron exfoliates in the form of a block raid*, «hkh 
separates in flakes like the leaves of a book ; while in other rnata rka iiaa 
is, as it were, gouged away, and the heads of the riveta ara vgra oC m \t 
by an acid. It is most im[)ortant that a remedy abould be ftmMJ §at tJM 
evil, and it appeara probable that by painting the interior of the baitw^ 
successive coats of Roman cemeat, or of some of the nalraraom caaMtt 
which resist tbe action of water, the internal corrosioo of the hoslar aUt 
be prevented. Canvass soaked in liquid cement has been propooed, km it h 
questionable whether tbe canvass might not on some occasion eoaa oAaad 
if it got into tbe mouth of the safety valve orifice, it might eauoe tht hoilv 
to burst The ash-pila are worn away chiefly by the wetting of the H^ai 
in the stoke-hole, and it is expedient to apply shield plate* to vt««T fkam 
when the boilen are made, which plates only will be expoM^ to taf. art 
may be easily renewed, leaving the ash-pits untouched. Tbe beat maAai 
of setting boilers appears to be to set them on a platform, and cara maa to 
token that no projecting copper bolts touch the boilers ia any pan, « tlay 
will be very likely to corrode the points of contact into holco. Tk> ata> 
form may consist of 3- inch planking, laid across the keelana^ aailad wah 
iron noils, and caulked and puttied like a deck. The sarliM* Btov lb«n ha 
painted over with thin putty, and fore and aft boarda of ahoat half A» 
thickness may then be laid down— the heads of the naiU beiag ««|| paacM 
down. This platform must next be covered w ith mastic t mm^^^ ^^4 ilto 
cement must be caulked beneath the boiler by means of wooden —-»*«* 
tools, so OS completely to fill every vacuity. Coonungs of wood ttaat wit 
he laid round the boiler, to confine the cement ; aad ue qiaca betwaaatto 
coomings and the boiler must be canlked full of eeaieat, aad he amoathiA 
off with a slope on the top so as to throw off any water th te tmj chaato I* 
fall upon it. Many cements suitable for tbe settiag of hoilcn oi* atf 
ready made ; the following is one of the compounds ■oatalltoas used — 
To any given weight of ioad, or pulverised eoTtiieavam, add twotbtrJi 
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I i^iven veiglic of Portland, Batb, nr aoj other Eiinilar stone, pulverised. 
To every five hundi'ed and sixty pounds weight of these eartlu, to prepared, 
add forty puunds weight of titliarge, and, with the last-mentioned given 
weights, combine two pounds weight of pulverised glass or fllnt-stooe. 
Tlten join to this mixture one pound weij^ht of minium and two pounds 
weight of grey oxidfi of lead. The composition being thus mixed, pass the 
same through a wire sieve, or dressing macliine, of such a fineness as may 
be renwisite for the purpose intended, preferring a fine sieve, when the 
compoiition is to be used for works that reiatre a fine, smooth, or even 
soxfice. It is now a fine and dry powder, and may hu kept open in bulk or 
in casks for any length of lime, without deterioration. When this com- 
position is intended to be made into cement, it is spread upon a board or 
platform, or mix^d in a trough ; and to every six hundred and five ponnds 
weight of the comiJosition are added five gallons of vegetable oil, as Unseed 
oil, walnut oil, or pink. oil. The composition is then mixed in a similar way 
to mortar ; it is afterwards subjected to a gentle pressure by treading upon 
it, and this operation is continued until it acquires the appearance of 
moisteoed sand. The cement should be used the same day tbe oil is added^ 
otherwise it wiU fix or set into a solid mass. 

The large rivets sometimes used as stays for the shells of boilers, are 
objectionable, as the heads very often come off, and if the fracture be 
between the boilers in a position not accessible from the oatside, it will be 
necessary to empty the faulty boiler of its water, in order to repair thu 
defect- The sides of furnaces should always be made to incline to each 
other in the manner already mentioned, so that the crown is not so wide as 
the fire bars, and it is a good orrangement to place the bars adjoining the 
sides close against the sides ihrougbout their length, so as to leave no air 
space in that situation. By this arrangement the intensity of the heat 
acting immediately against the plates of the sides is diminished A crack 
ia a plate is moet conveniently closed, by boring several holes along its 
length, and closing them with rivets having large heads n hich cover over 
the defect. If a patch be applied to the top of a furnace or flue, it is better 
to apply it fiTjm the inside of the boiler rather than from the fiue, as in the 
latter case a recess is left into which deposit falls, and a hole is likely then 
to be burnt again in the same place. If the furnace month be contracted 
by beading in the sides of the furnaces, as is the genera] practice, it is ne- 
cessary to be very careful that scale does not accumulate in these comers, 
else they will be very liable to be burnt into holes. The wa.ste steam pipe 
should be set into a faucett at the bottom, instead of being constructed with 
a flange, as the neck of a Oouge will be broken by the movement of the 
fimnel when the vessel rolls. The waste steam pipe should be as high as 
the funnel, as, if lower, the waste steam continually striking against the 
funnel wears it ont in (hat part very rapidly. The pipe for conducting 
away the waste water from the top of the safety vaive, should lead over- 
board, and not into the bilge, as the steam which passes through it when 
the steam is blowing oif is inconvenient if directed into the ship. Respect- 
ing fire bridges, the preferable practice, on the whole, appears to be to 
construct them of brick rather than to make them water bridges, as with 
water bridges there is often trouble from the cracking of the plates. If 
water bridges, however, be used, they sfaonld be made with a great inclina- 
tion in the breadth of the furnace, to facilitate the escape of the steam, as in 
the boilers of the Thames and Medway, page Gl., or of the Phffiuix, page 
53. Flame bridges have been introduced into the furnace flues of steam 
vessels on some occasions, consisting of a pile of fire brick, between which 
and the sides of the flue only a space of aboot three inches is left for the 
flame and smoke to pass through, and the flatae is spread in a sheet over 
the interior of the flue. 'Where the flue is very large, the use of a flame 
bridge appears to be expedient, and in land boilers with large internal tubes, 
its use has been attended with beneficial results, but in ,lhe majority of 
marine boilers we believe that it will prove of but little service. Ilaaging 
bridges, consisting either of brick or sheet iron, descending from the top of 
the flue, as explained at page 65., are very beneficial in the m^ority of flue 
boilers, but are inapplicable in the case of tubular boilers. A Venetian 
damper, however, or a perforated plate applied at the end of the tabes, 
would probably produce the same effect, as it might be made to retain 
the heat in the upper portion of the tubes by only opening it partially. 
Dampers of the Venetian blind desmption are used upon tlie South Western 
Railway ; their structure is more fully explained in oar remarks upon the 
details of locomotives. 

LOCOMOTIVE ENGINES. 

General feature* of lite Boiler. — The boiler is the most important 
part of a locomotive engine, and the n.<ieful effect of the machine de- 
pends in a great degree on the boiler being capable of generating the 
requisite quantity of pure steam, wUhout requiring the draught of air 
and flame ihrongh the fire and tubes to be accelerated or forced exces- 
sively. The fire-b<px is that part of tlie boiler in which the heat is 
generated and partially absorbed, the remaining absorption taking place 
m the flue tubes, which convey the products of combustion from the 
fire, through the water, to the smoke-box, whence they are dissipated in 
the atmosphere. Of course the more nearly these products of combustion, 
at their entrance into the chimney, are found to have been cooled down to j 
the temperature of the water in llie boiler, the more economical in fuel the 
boiler will, rirleris pnrihm, be. To obtain the utmost economy in this way, 
the superficial surface of the tubes has been incieaaed to the utmost extent, 



by enlarging the diameter and increasing the number tind site of the tubes. 
The boiler of Bury's H-inch* engine contains 92 tubes of 2J in. external 
diameter, and li) fL 6 in. long ; the boiler of tStephenson's 13-inch engine 
contains ISO tubes of 1^ in. external diameter, and 13 ft. 6 in. long. It will 
therefore be seen that the superficial surface in Hurj's tubes is, compara- 
tively, rather small, but yet the production of sttam is found to be suffi- 
ciently citpioos, with a hisst-pipe of rather more than i)ie average diaihetcr; 
on the other hand, notwithstanding its great surfuce. Siephensoo's boiler is 
found to retjutre a smaller blast-pipe than usual. It seems highly pruhable 
that (he extra intensity of blast requisite in tlie latter case consumes so 
much power to produce it, as completely to countervail the economy of 
fuel consequent on the very complete abstraction of the heat, by the great 
length of tubes in proportion to their diameter. 

In an experiment tried by Mr. Stcphensan, the heating surface of the 
fire-box, where the beat is received by radiation, was found to be more 
cfi"ectaal than the tube surface, where the heat is received by conduction, 
in the ratio of 1 to 3, and hence the heating surface of a locomotive is some- 
times estimated as the surface of the furnace plus one-third that of the tubes. 

The shell, which is cylindrical, is attached to the smoke-box and tire-box 
by angle iron ; the end of the shell next the smoke-box is closed entirely 
by the tube plate, bat at the smoke-box end the water bos free access quite 
round the internal fire-box, one side of which forms the tube plate. The 
shell, external fire-box, and the smoke-box are always of iron, the thickne.'-s 
of plate being A in. in ordinary boilers of 3 ft to 3 ft. -1 in. diomi-ter, though 
in some rases it is I in. j the pitch of rivets is 1| in., and the diameter 
of rivets \^ in. The shell is sometimes made with flush joints, a band 
of iron covering the joint attached by two rows of rivets. The boiler 
plates should have their fibres running round the boiler instead of in the 
direction of its length, as the plate is somenhat stronger in that direction. 
The boiler is secured endwise by longitudinal slnys, which are ftsteoed by 
cutters to jaws attached to the end plates. We have already made some 
remarks upon the strength of boilers, at pa^es 62, 93. 2^30. 

The binst pipe is the eduction pipe dimmished in area at the mouth to 
such a degree as to cause the steam to issue with a great velocity, whereby 
a powerful draught through the fire is maintained by the steam rushing np 
the chimney. The area of the month of the blast pipe varies in different 
engines, but an area of ^d of the area of the cylinder is a common propor- 
tion. A variable blast pipe, the orifice of which may be increased or 
diminished in area, is now much used. One arrangement for this purpose 
consists of the application of a regulator pbtc at the top of the blast pipe, 
with a hole through the centre of the plate, through which the nozzle of 
the blast pipe passes. When (his regulator plate is closed, the whole of the 
steam has to ascend through the central nozxie ; but when the regulator is 
open, or partly open, a part of the steam escapes through the holes in it 
Another plan consists in the application of a movable plug within the 
bUwt pipe, which may narrow the escape orifice to an annular space of 
small area, tlie plug being raised or lowered by a lever and rod. Stephen- 
sun's method of contracting the blast is shown in the sectional drawing of 
one of bis engines, given among our plates. It consists in moking the 
nozzle of the pipe conical, and forming it to slide within the upright pi]>e, 
whereby an annular space is left for the escape of the fteam around the 
nozzle when the nozzle is lowered. This appears to be a preferable plan 
to either of the preceding. 

The man-hole, or entrance into the boiler, consists of » circular or oval 
aperture of about 13 in. diameter, placed by Bury at the summit of his 
dome, and by Stephenson in the front part, a few inches above the cylin- 
drical part of the boiler. Tlie cover that closes this aperture in Hury's 
engine also contains the safety valve seats, thus simpliiyiug (he construc- 
tion by preventing the nece.ssity of an independent aperture and cover for 
the safety-valves, as in Stephenson's engine, where the safety-valves are 
placed independently on the top of the dome. The steam-tight joint of 
the maahole cover is made in Bury's engine by a single thickness of 
canvass, smeared with red-load ; and the joint is not liable to become de- 
fective or leaky, because the surfaces are turned tnie and smooth, both on 
the cover and its seat. When these surfaces have not been made true in 
this manner, it becomes requisite to use a number of thicknesses of can- 
vass, or other material, to form tbe joint; and the action of the steam soon 
rotting away the soft substance, a leakage is caused through the joint, which 
makes repair indispensable. The Braall domes are of the same form as those 
used on the Grand Junction Railway, which are cylindrical vessels of about 
20 in. diameter, and 2 ft. in heighl,'witli a semiglobolar top, are generally 
made of pbte-irnn, about I in. thick, woldt-d at the seam, and with the 
flange at the bottom turned out of the same piece. In some cases, domes 
of this form have been constructed of cast-iron, about J in. thick, but they 
have been found objectionable from tlieir top weight, and they cannot be 
considered as altogether safe from explosion. 

The steam whistle is generally placed upon the fire-box dome within con- 
venient reach of tbe engineer. It consists of a cock {Ji<j. 324.), opening by 
four side holes into an annular chamber, whence the sieam escapes through 
an annular aperture about ^^ in. in width, strikiug in iis exit the edge of a 
bell, fixed by a stem to the cock, whereby the sound is produced- The 
edge of this bell should be about .', of an inch thick, and should be exactly 
over the opening, so that the issuing steam may impinge directly upon it. 

• Thi* dloseDtlga ii the diameter orcjlloder, bjr which dlmenskia locomotive* tredittln- 
giiUbed. 



The mptal khould be of sifniltr compwiiion to tlut of clock bellt. The 
whistle it lomctimes jointed by running melted lead bctweca ill fluge tad 




vTttM Mrnim*. 

ihe dome.plite ; but it i« better to fit the snrfacea «o truly tojcether M to 
U- stfiDi-tigbi merely with the uuistance of one thickness of fine canvau 
coated with read lead or cement, for lead will alwayi be found to decay 
by contact with hiRh-preK'.iire steam, making continual renoration necea- 
•■ry. This remarki t.|u;illy applies to ihe other joints connected to the 
thcll of the boiler, such ai the wuge-tnbe, blow-off cock*, and feed-pipea. 

To uve the »team which ia formed when the engine ia stationary, a pipe 
it fitted to the boiler which c-onveys the steam at such times to the tender, 
where it h<fat» the water and is itself condensed. This method of disposing 
■^ ' il in descending inclined planes, when more steam 

; >-d for the use of the engine. A cock for emptying 
;..t — . . .= ,.,,...., ,.»e<l to the bottom of the dre-box ; thi* cock should 
DOC be placed at the front end of the fire-box. as the foul water blown out 
of the boilirr is tlirown over the gearing, which is injtircd by the sand 
getting into the beariugs. 

f'ir«-iar.— Iron fire- boxes have been eztenavely tried by Bury and others, 
and in caiM where the plate-iron of which thry were formed has been of 
a peenliarly perfect texture, and not liable to laminate or crack under the 
aetioii of the heat, they have been foond to answer exceedingly well, and 
HOC only to be much cheaper than copper, but also to last at least twice as 
Umn htton reqmriiig renewal. If the mnteriaU be i?ery carefully neleeted, 
the u*e of iron firr-tMixer will K* found pnxluctivc of t-conomy. if only used 
in sitnationa wb«Tv pure water is obtainable. The duration of ordinary 
eoppwr flre-botaa depends in a great measure upon the original texture of 
dM copper, whirb ought to be rather coarse-grained than rich and soft, and 
■^r^" ">m irregularity of structure and lamination. Con- 

■*d«r" ivo bien found to arise from increasing the capacity 

nf thf liiiMK.*, iiivre especially its depth, which ought to he such as to 
allow of ihe reuoisite quantity of coke being placed within it without 
r.arii'iiL- alioTe tbe months of the lower tubes, a fault which would cause 
I ' pieoea of coke to eniiT and block np the tubes, to the manifest 

I '>n of tlie draogbt. and diminution of the efficacy of thi- engine. 
rThe hn i tin g surfiicr in tlw fire-box being of an extremely valuable and 
^••uln" ■•»«>*, and the exteoshre area of fire-bar surface being very con- 
ducive In fWredom of draugbi. we are induced to question whether the large 
Biiuarr fin-hox u not /iro tnto preferable to the round one. which must 

ne cw s Br iiy >■■■-- : " . xcepl on the 7-fect gauge, in which case the 

TOtmA 4iw-» 1 advantagea. The square fire-box is generally 

nadaof iro; . „ :Jiickin everj- part except the tube plate, which 

kaa been from | in. u> [ in. -, but experience has shown considerable advan- 
tagtt tn making the tnhe-platc { in. thick, as this great strength prevents 
,lkr apaees hetwwn the tube* from being compressed, and the tube holes 
rendered oval, in thf processes of driflingand feruling the tubes-, however, 
thia rvU will be (bund to exist, even with a { in. tube-plate, if the tube 
M«a be idaeed in too ekse cootiguity, as has been found the case in se- 
irend of Surpbcnsoo'a engines ; and. ftom practical ohaervatiun. we find 
that f In. abottM b* the minimnm distance between any two tubes. Tbe 
aide*. Inct. and fhmt below the tubes, of the square fire-box, are stayed at 
inter-- to 5 in. with cither copper or iron stays, screwed through 

t^f ''■' '' thn lire-lHix. and securely riretted ; but, as the rivettiog 

' '^ is f^und to decay rapidly, from the action of the heat, 

' r the LiTcrpool and Manchester Railwaj. has adopted, 
> >'-d with a large square bead, and screwed horn 
< N. the sijuare head prcijecting 3 in. into the 

t ' I .. < r^.)K>T lu-i) found to last nearly as long as 

' nacity. are often oonaidcrcd preferable. 
I that roond fire-boxes possessed tnch ad- 

Vatttage* 111 pmut of fircngth ov4>r M(uare ones, owing u> their arched 
fcnB» that tlicy were Lspuble of resisting the presanre of the steam with- 



out tbe ose of stays; but experience has shown that. what*««r he Iks 
shape, a fire-box must be stayed more or less to render it sa£r. fur tbe sbrll 
of the fire-box is liable to be wasted so much by the heat, that it is a«i 
safe to depend altogether upon the strength its form confers. e*p«vtaily m 
the form will be changed if the boiler K- sufil-red to Itecutne sbnn of wattK 
In round fire-boxes, the sides near the crown part generally satfer aMM 
from waste : these portions are now provided with stays by Meaara. Boy, 
Curtis, and Kennedy, who are tbe main supporien <k round fin bum % 
and with this provision the round fire-boxes arv nirisasrily tb« smsHift 
The roofs of all fire-boxes require to be stayed by crot^-bsn : bin iImi ■■• 
are required to be both stronger and more numerous ' •iuarr ftiv- 

boxes, and should always be carefully made of wr ud vetj 

carefully fitted before being bolted on. Stay-barsvt laii-uuu hawcbcsa 
emploved, on account of their cheapness : twt, having led srvatal tfansa 
to accidents fh^ro explosion, thi-y are now discarded. These ban mnmtiy 
in conuct with the fire-box at the purt around the rivets, and ia all the 
other parts they permit the access of the water below them. It is a4- 
visahle to bring these bars to an edge on the wider side, so as lo fbtilJKs 
the escape of the steam. In Sharp and Roberts's engines, the fire-bos ia 
made of three phites; the tube plate and front plate have their cadges bca* 
over, and to these are attached a single plate which fonns tbe ctown, aa4 
two sides of the ftimace. The interior fire-box is joined ai loot I* tlv 
exterior by a Z shaped iron, which lorms the bottom of tbe vs«taripa% 
and is preferred, inasmuch as it leaves a wide water spocs^ amt is aaaO^ 
cleaned. The outer and inner fire-boxes are joined rotind tb* funttm 
door, which is double, to prevent inconvenient radiaiion- The extcnil 
fire-box has sometimes a semi-cylindrical top, joined by Inniag orrr tbv 
sides like an arch, and sometimes a dome-shaped top. 

Tbe fire-bars have always been a source of moch expenae la tbs ba^ 
motive engine, as thi-y bum out very rapidly, and have to W ofksa M« 
newed ; from the rapid combustion going on over tbeir upper suHbew. tiMy 
become heated intensely throughout, causing them to tbraw off wale an 
to bend under the wei^t of thu fuel. The best remedy has been I 
consist in nuiking the bars very thin and deep, so as lo keep tboir I 
edges exposed to a cooling draught of air, and to diminiidi tbe aiw* of i 
conducting heat downwaids from their heated upper edgca. Tbia flt«>baiB 
admit of being placed nearer together than thick oii«s» th«» sdcriaf ■• 
increasi.'d impediment to free draught, while preventing tbe baa af laal 
pieces of unbnmt coke, which might otherwise drop tbrooah llllo ikt arik* 
box, and be wasted. Fire-bars have given much aatiafiwnoa «hca aai^ 
4 in. deep (parallel) and full I in. thick on tbe upper edlse ami { in- ett tba 
lower edge. Tbe frame carrying tbe fire-bars bu oftraneen made esfolls 
of being dropped on the instant, with its fire-bars and lire, into tbe aA> 
box, or upon the road, by means of catches drawn back by b'«rr«; Imi 
though the fire-bar frame is thus left unsupported, very oft< - i dtef^ 

and even cannot be forced down out of iu place, owing t<> r* sai 

tarry products of combustion forming an adhesive bintiui^ lktivmb is 
edge tnul the fire-box ; it has accordingly been found hc«t to 
firt-bux frame permanently, and when any cause re<]air<es the 

drawal of the fire, to lift the fire-bars singly out of pisce. bv ■ 

ordinary dart. It is necessary lo place the fire-bars witb tbctr ttfif^t mm*' 
fsce about .1 in. higher than the bottom of the water-spacvs, wbirb. bv tkia 
means, will be allowetl to contain quiescent water, ready to retaia wabsM 
injury any deposit that subsides from the water, and tbe water-sfveesshaall 
be periodically cleansed, by means of tbe mud-holes placed oppoaii* thm«t§t 
of each water-space in the lower part of the onter fire-box sbalL TtiV 
mud-holes ore made water-tight by means of either a braia plag iiBf^ 
screwed in and with a slight taper, or by a door applied with a aoft imu^ 
on its face, and screwed up with a bridge-piece uui bolt, makiag; tiajaw 
on the internal surface of tbe outer shell, the hole and door bci^ oaia 
sufficiently oval to enable the door to be intn^duced into tbe wa(cr-4faas- 
The latter plan of^en gives rise to inconvenience, tram iba joiat baidg 
found leaky when the steam is raised, rendering it aec«aaarj to 4ra» te 
fire, and empty the boiler, before it can be renewed. In ooaw wjrWfs 
square fire-boxes, such as those used on the Great W»aHfa WtHw^j. • 
diaphragm, or divisional -4 -inch water-space, has been pkcnl asnaa itm 
middle of the fire-box. with the view of obtaining increased beating sattea 
This diaphragm has its lower edge (in which deposit takes plaee) maiiv 
straight, and about 2 in. below the general surface of tbe firs-bara, ba( ill 
upper edge is of tbe form of an inverted arch, in order lo pnimalc tb» fiat 
delivery of tbe steam generated within it into the steam-dome. TW ai4H 
of the fire-box. where the diaphragm is attached, arc not cot away lai 
pnasages for the water and steam, but are pierci-<l with a s«ri«a of i' 
bni,"^ .1 iiu-hes in diameter, to permit a due circulaiiuu withoat 
^t he fire-box ; but the uppermost hole of tbe aeries mast b* {, 

u' -.1 point of the diaphragm. otherwi»« an accnmnlatioo of I 

and couiMiqoent injury at that point, will ensue. The aae of a dlnknHB 
is found to be beneficial in the case of a very powerful engia*. pcvnisMB 
upper edge be made sufficiently low tu admit of the tubes being soa«a»- 
ently drifted over it, and to allow the dart to be used witb fs^Uty, ia dwp 
ping tbe fhnst set of fire-bars. 

The ash-box consists of a plate- iron tray, placed below the flri tw. » 
receive the burning ashes that drop from betwixt tli,- fire !■*«%. bt A» 
earlier locomotives, no ash-boxes being usv-d. the ■■ <■% wrrrda* 

persed to a coiuiderable distance by couting in ex. .j tbe ' 
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■nd coTtflagrations were often thereby orig'inuted. The aali-hox should be 
45 large as convenient, and not Iti* than 10 in. deep, otherwise it will 
materiatty impede the draught; but if of ample dimensions, and cltised at 
tbe sidei and back, it will increase the draught, particularly when running 
miinst a head wind, nt which time a (troDg draught is required. A 
fttnging shutter to open or close the fttmt of the ash-hox forms a good 
damper. The bottom of the ash-box it placed about U in. alxjve the level 
of the rails, and should on no account be nearer than G in., otherwise 
the engine cannot paas safely over stones or similar objects lying acci- 
dentally between the rails. 

Tubfi. — The tubes are generally formed of brass ; the ferules by which they 
are secured are for the most part made of steel at the furnace end, and of 
malleable iron at the smoke^box eud, and the holes in the (ubc-plates 
are tnpcred, so that the tubes bind them together. Great care should 
be taken in securing the tubes, as any neglect will be productive of much 
incoavetiience. The ferules ore found to be very injurious to freedom of 
ilraupht, particularly in very small tubes ; and to overcome this objection, 
the methods wc have mentioned and many others hare been tried for 
fastening the tubes in by rivetting oyer or screwing iuto the tube-jilates; 
but hitherto no method, except that of intomal tube-rings, has been found 
to answer in the case of brims tubes; but we think it likely that, with 
wrougbt-iron tubes, internal tube-rings will be ultimately abandoned. 
Stephenson has fh.>quently adopted iron tubes of kte. in preference to 
brass, on the score of their greater cheapness and durability ; and in 
tome cases, vhere unusual attention has been paid to them, and pure 
water used, they hove been Riund to aaswer very well. A common in- 
ternal diameter of tubes is 1| in. If made very small, the tubes are liable 
to be choked by pieces of coke, and the sectional area will be inconve- 
niently contracted, while, if made much larger, the heating surface will be 
unduly diminiahed. The number of tubes varies considerably in different 
boilers ; in one species of locomotive ia extensive tise the Dumber is 134, 
and the pitch 3} in. Sufficient space is left below the tubes for deposit, 
that it may not be in contact with the tubes and cause them to be burned ; 
the extreme tabe of the widest row is about the diameter of a tube from 
the boiler shell. In the long-boiler engines of Stephenson, from the volume 
of water contained in them, considerable time is rerjuired to get up the 
steam, even so much as three and a half hours where the ordinary cngioca 
take two hours, and they require great care in firing and feeding to prevent 
the steam running low. 

Smoke-bos and Chimnetj. — The smoke-box door of many engines is hinged 
at the bottom, and is kept shut by means of handles and catches ; but the 
position of the door when open is in that case inconvenient, as it prevents 
ready access to the tubes. In some of Stephenson's engines, the smoke-box 
door is in two leaves, which optn like the dnors of a bouse, overlapping nt 
the centre, where they are closed by a bar, and at top and bottom by handles 
and catches. This door admits of the easy examination of the cylinders 
and valves. A gmall door is usually left near the bottom rrf the smoke-box, 
by wliich the accumulated cinders may be removed. The bottom of the 
smoke-box should not he below the ash-pan, or be much nearer the level of 
the rails than 18 inches, else (he waste-water cocks of the cylinder project- 
ing through it, would be liable to injury from objects lying on the line. 
The smoke-box is lower in goods engines than in passenger engines, on 
Hccoont of the driving wheels being smaller ; and, being coupled with the 
other wheels, the cylinder has frequently to be inclined to let the muving 
pans work clear of the front axle. 

The chimney must not stand more than 1 4 feet high above the rails. It 
is sometimes covered with a bonnet of wire-work to prevent the passage of 
cinders, but snch wire-work checks the draught, and is soon worn away and 
broken by the projected coke ; and a perforated plate is sometimes substituted, 
which is set across the smoke-box and below the bla£>t. This plate should 
be hinged, and be in two leaves, for the sake of convenience. The sectional 
area of the chimney is about ^,j of the area of fire-grate. The chimney is 
usually provided with a dampt-r, similar to the disc throttle valve of an 
ordinary engine ; this is generally bung off the centre, and a bole is made in 
it for the top of the blast-pipe, which projects through it when it is closed. 
Another damper Las been applied by Messrs. Kennie at the smoke-box end 
of the tubes, consisting of a sliding pbte perforated with holes, which when 
opposite the eiids of the tubes will give a free current, and may be made to 
close them completely if required. Another kind of damper consists of 
an arrangement of thin bars similarly <lis]Tosed to the laths of a Venetian 
bliod ; the plates being so hinged, that when placed with their edges to the 
tube plate, they leave the flow of air thr<iugh the tubes unimpeded, and 
when hanging down they close up the tubes, or they partially close the 
tabes in any intermediate position. By either of these arrangements, the 
hot air is retained for a longer period in contact with the tabes than if a 
simple damper were used, as each tube is virtually furnished with a hanging 
bridge which keeps in the hottest air and lets only the coldest flow out 
An inconvenient degree of heat in the smoke-box is also prevented. The 
•moke-box is usually made of | plate ; the chimney of jth plate ; the blast- 
pipe of ith copper, and the steam-pipe of ^g copper. 

Framing. — The subject of outside and inside framing has already been 
discussed at some length at p. 191. ; and the best justification of Messrs. 
Barj-'s adoption of the inside framing is, that most of the other engineers 
are beginning to follow their example. In some engines the side frames 
pvasist of odk, with iron plates hretted on ««cb side. The guard-plates 



are in these cases of eqtial length, the frames "being curved upwards to pasa 
over the driving axle. Hard cast-iron blocks are rivetted between llie 
guard-plates, to serve as guides for the axle bushes. The side frames are 
connected across at the ends, and cross-stays are introduced beneath the 
boiler to stiffen the frames sideways, and prevent the euds of the connect- 
ing or eccentric rods from falling down, if they should be broken. The 
springs are of the ordinary carriage kind with phites, connected at tlie 
centre, and allowed to slide on each other at their ends. The upper plate 
terminates in two eyes, through each of which passes a pin, which also 
pa.^8es through the jaws of a bridle, connected by a double-threaded screw 
to another bridle, which is jointed to the framing : the centre of thcs])ring 
rest.s on the axle-box. Sometimes the springs are placed between the 
guard-ptntes ond below the framing, which rests upon their extremities. 
(Jne species of spring which has gained a considerable introduction consists 
of a number of flat steel plates, with a piece of metal or other substance in- 
terposed between them at the centre, leaving the ends standing apart. It 
would be preferable, we conceive, to make the plates of a common spring 
of different curves, so that the leaves, though in contact at the centre, 
would not be in contact at the ends, but would be brought into contact 
gradually as the strain comes on. A spring would thus be obtained that 
Mas suitable for all loads. 

A common mode of connecting the engine and tender, is by means of % 
rigid bar w ith an eye at each end, through which pins ar« passed. Between 
the engine and tender, however, buffers should always be interposed, as 
their presence contributes greatly to prevent oscillation and other irregular 
motions of the engine. A bar is strongly attached to the iVont of the 
carriage on each side, and projects perpendicularly downwards to within a 
short distance of the rail, to clear away stones or other obstructions that 
might occasion accidents if the engine ran over them. The axles bear 
only against the tops of the axle-boxes which are generally of brass ; but 
a pbitc extends beneath the bearing to prevent sand from being thrown 
upon it The upper part of the box in most engines has a reservoir of oiJ, 
which is snpplied to the journal by two tubes and siphon wicks. Stephen- 
son uses cast-iron axle boxes with brasses, and grease instead of oil. which 
is fed by the heat of the bearing melting the grease, and causing it to flow 
down through a hole in the brass. All the engines with outside bearings 
have inside bearings also ; they arc supported by longitudinal bars, which 
serve also in some coses to support the piston guides: these bearings are 
sometimes made so as not to touch the shaft unless io the event of its 
breaking. 

Steam-dome Pipe* and Rtguhilor The steam-dome, or separator, 

from the upper part of which the supply of steam is obtained, is now 
generally placed over the fire-box ; and in Bury's and Stephenson's 
vngines it forms a p>art of the external shell of the fire-box ; whilst in 
the engines used on the Grand Junction Railway, it consists of an 
independent cylindrical vessel, attached to the low roof of the fire-box. 
Either this latter plan or Bury's is p«rfecily safe and strong, without 
the addition of stay-rods ; but Stephenson's dome presents a large ex- 
tent of flat surface, from the roof of the internal fire-box up to the arched 
roof of the external fire-box ; and this flat surface requires to be powerfully 
stayed by angle-irons and tension-rods. We remember an instance iu 
which the accidental omission of one of the numerous tension-rods led to 
the forcing out and partial explosion of the side of the fire-box, showing 
how mocb depends on the circumstance of these rods, with their joiuls and 
pins, remaining sound and uuinjured from corrosion or other source of 
injury or decay. In this respect the round fire-box, with its dome, as 
formed by Bury, has the advantage of superior strength and safetj-. A 
large steatti-dome is found to be the most efficacious mode yet tried for 
preventing the evil of priming or damp steam ; but no height of dome will 
entirely prevent it if there be not space enough left above the tubes in the 
cylindrical part of the boiler to allow the Tree passage of the steam along 
to the fire-box and dome, while an excessive height of dome is also found 
to produce an unsteady motion of the engine, by causing the machine to 
be top-heavy. A height of about 3 ft. 6 in. above the cylindrical part of 
the boiler is found to give satisfactory results in practice, and to lead to 
the production of as pure steam as any greater altitude could secure. In 
some engines the steam is withdrawn from a dome placed at the smoke- 
box end of the boiler, into which the steam-pipe rises. It is thought that 
the ebullition being less violent at this point, the steam will thns be more 
effectually dried. The steam-pipes are made either of iron or copper, and 
of these iron be«t withstands the high tcm{>erature of the smoke-box and 
the impact of the cinders, but it is liable to internal corrosion. The steam- 
pipe, ttfttT entering the smoke-box, divides into two branches, one passing 
down each side of the smoke-box so as to leave a fi-ee space for cleaning 
the tubes, and also to avoid as much as possible the impact of the hot air 
and cinders; but in some engines the steam-pipe descends vertically, which 
is somewhat inconvenient in practice. The area of the steam-pipe is one- 
sixth to one-eighth of the area of cylinder, and the branch steam-pipes are 
each about one-tenth of the area of cylinder. 

The admission of the steam from the bfiiler to the cylinders is regulated 
by a valve or regulator, which is generally placed immediately above the 
internal fire-box, and is connected with two copper pipes, one conducting 
steam from the highest point of the dome down to it, and the other con- 
ducting the steam tiial has pa-ssed thnmph it along the boiler to the upper 
Mrt of the siooke-box. Aegulaturs may be divided into two sorts, vu. 
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those with sliding ralvea tad steiini porta, and those with conical valves 
and leatx, of which the latter kind are the be«t- The former kind have 
for the most part hitherto consisted of a circular valve and face, vrith radial 
opertaret, the valve resembling the oat-ttretchcd win^ of a butterfly, and 
being made to revolve on its central pivot, by connecting-links between its 
niiter edgej or by a central spindle. One of these regulators is shown in 
th}. 3:26., which makes its mode of operation sufficiently apparent. This 
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tf9W9 of regnlator is easily worked, bat is not very accessible, and as the 
mett are merely projecting rims round the holes, the steam will teak 
through, and the engine may go on unless the regulator be critically closed. 
la sotne of Stepbrasoa's engines with variable expansion gear, the rego- 
lator oooaitta rf a slide valve covering a port on the top of the valve chesu. 
A rod passea from this valve through the cmoke-box below the boiler, and 
bj means of a lever parallel to the starting lever, is brought up to the 
engineer's reach. Coclu were at first used as regulators, but were given 
a|V U ihtf were fbond liable to stick fast A gridiron slidp valve has 
MCB awd by Slephenaon, which consists of a perforated square plate 
■oviag vpoo a face with an equiil number of hotea. This plan of a valve 
whb • soiaU movement gives a kirge area <tf opraiog. In Bury's engines 
a sort of conical plug is used, which is withdrawn br tamiiig the handle in 
front of the fire-box ; a spiral groove of very large pilch is made in the 
valve spindle, in which fits a pin fixed to the boUer, and by luming the 
•plndle ao end motion is g^iven to it which either shuts or opens the steam- 
ttrna^ according to the direction in which it is turned. The best regu- 
Mer would probably be a valve of the eqiulibriom description, such as is 
ated in the Cornish engine*. 

Safttjt Valrr* and Futihle Plmy The safety-valves, as we have ob- 

scrvwl, are placed upon the dome, in Bury's and Stephenson's engines ; 
bat il kaa been fooiid moch better to plaee them on the cylindrical part 
*i the boiler, as is the arrangement in the engines constructed by Mr. 
Devranoe for the Liverpool ud liancbester lUilway, because when an 
engine eomaMOCca to pnme, the water projected from the blast-pipe ge- 
Mtafly canses an aatuoal geBcratkn at steam, which escapes at the aafety- 
vilea^ aiid fas ha paasage of eoorae aecnmnlates and lifts the sur&ce- water 
■ml iiaa at whatever pwat of the boiler the safety-valves are situated ; 
tbiu ih« fiulher ther are placed Anm the steam-dome the better, as they 
will then diaamish the evil of priming, which, if placed upon the steam- 
dooe. they woold only aggravate. Indeed, if the safety-valves are pro- 
perlj sitaated, an engineman has the great advantage of being able to 
aback ar nop the priming of the boiler on the instant, by causing his 
^ttHtf^wAm ta blow off strongly. It is requisite to place the safety- 
yaHea spea a tabular pillar, of such altitude as to prevent the escaping 
ctood of mtimm from obsenrinf the look-out of the engineman. Bury's 
|4 is. aeg&M iMBlai'nif a pair of aaftty- valves of 2\ in. diameter, exclu- 



sive of the mitre ; and Stephenson's IS in. engine contains a pair qf 4 ia. 
dbmeter. The latter dimension is preferable, as large aafttv-Talvas an 
much less liable to adhere to their scats than small oiMa. Ba&ty-valaai 
reqture to be tested occasionally; and the best method coosifts ia attatUvg 
the valve joint-pin to one end of an ordinury pair of scales, when tW ««■<> 
balancing weight at the reverse end will indicate the real praasurs aaaa 
the valve, which exceeds the nominal pressure by the wei^t waA ftinw 
of the lever, with its joints and spring-balance, and the adheaioa a# tha 
valve to iu seat. To bring this adhesion to a minimum, it is a geadi ftm 
to make the lip of the valve-seat somewhat flatter than a aitra, that m, 
at a less angle than 46° with the horiaon : 30^ answers very w«tL 

The safety-valve is pressed down by means of a lever, as shown ai mt 
198 ; and a screw at its extremity is attached to a spiral spring balaaob Ta 
find the pressure per square inch, we have only to multiply Iha «aig^ b* 
dicated on the scale, by the ratio of the two arms of the levee, aad Aiir^ 
the product by the number of square inches b the area of the «atve; bat ta 
save the trouble of calculation, the ratio of the anna of the lever is made sa 
as to be expressed by the number which represents the area of the valse^ 
so that the weight marked oa the balance ia the pressure per aqoar* iarh 
upon the valve. Some allowance must be made for the wei^l of the valve 
ittelf^ and part of that of the lever. It is expedient to put a slop iqMB tke screw 
by which the lever is screwed down or the tension of the spriag teetaaaa^ 
ao as to prevent the pressure from exceeding a safe aaoaat. Loik<4p 
valves, which were intended as a precaution against the recklcasaasa m 
neglect of the engineer, have fallen into disfavour, as from aaeh valvaa heiag 
inaccessible and seldom being required to act, they beeama &ze4 ia Aar 
Fig. 326. 
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seats i but It is an easy thing to make a valve which cao ha n^Hi, |M 
cannot be forced down by the engineer, and snch vaJvca arc b» guseirf ^ 
in steam vessels. In the engine* of Cave, Hick, and Jaehaesik vmt ml ito 
valves is permanently loaded a little above the usual preatunr, aa4 mmlkmt 
in a client ; it is usually nuide with bent, fiat, steel springik priwsiag iglriMI 
one another, and guided by s^darda screwed to the valv«.^c«L dmtl 
these valves is shown by Jig. 326. 

A plug of lead is usually fixed in the ftiraaee erowa, whteh neto d the 
boiler hceomes short of water, and gives notice of the dasfer. la Mat 
engines a cock is attached to the top of the 
a small disc of fusible metal is retained by a ring of 
cock, and which is intended as an antidote to explotioaa, WIms Om caafe 
is opened, the steam has access to the under side of the Amble fitfc^ wWiA 
when melted is foroed throagh the small bole in the retaiaiM piMet aii 
the engineer being thus warned of the undue pressure, canSai ik* ciA 
and tdce measures to reduce the pressure. This, however, is alMfaiiira 
futile expedient, for the steam would be too much cooled ia ; 
this cock and small pipe to melt the metal : and even if 
remedied, the oljections still remain which we slated ia page SSL, m M|l^ 
ing to all fusible plugs, and the danger is increased by leadiof the t^Smt 
to trust to a measure of safety that is inoperative in the hoar ef ^mm 
Steam gauges have not been applied hitherto to locaaocim^ en aaeaaii sf 
the inconvenient height of the column of mercory reqaiaita to lataat tkt 
steam. But it wonid be an easy thing to make a steam natf* of aateMt 
dimensions, by making the tube, whether straight or syphoa, af ajtediMl 
at the top. so that the mercurpr in its ascent would Imve to «a«i^ tfa 
air above it ; and the giadoatMn* woold be equal, or acarlj •«, if^a tils 
were made taper. 

CjflinderM and Valtv». — The cylinders are made of east iron, ahaat lte««>- 
(quarters of an inch thick, and should be of hard raMai, ao aa la tev« bat 
little tendency to wear oval from the weight and frietina of the fiAm. 
The ends of the cylinder are made aboat one ineh thiek, aad *i^|t^iy^ 
are very generally made removable. At eaeh end of the rjllailer Ite* h 
geneniijy about half an iaoh of clearance. The valva ia iawiallT af tte 
three-ported description repNaeated io page 1 99. ; it ia aaAt af hist^ m^ to 
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not pressed apon by the valve casing; as it k necessarj in the absence of 
cyiinder escape valres that the steam val re ihonld be capable of leaving 
the fSbce to enable the steam or air shut within the cylinder to escapte when 
the train Is carried on by its momentum, and also to afford an escape for 
the water carried over by the steam when priming takes place- The 
operation of priming, upon the cylinders and vakes is very injurious, as 
the grit and sediment then carried over with the steam wears the pistons, 
cylinders, and valre faces very rapidly; so that if the water be sandy and 
the engine addicted to priming, the pistons and valves may be worn oat 
and the cylinders require re-boring in the course of a few months. 

The valve casing is sometimes cast on the cylinder: the face of the 
cylinder, on which the valvt works is raised a little, so that any foreign 
matters deposited upon it may be pushed off to the less elevated parta by 
the valve. The area of the steam ports is in some cases one-ninth, and in 
others one-tweltth or one-thirteenth of the area of the cylinder; and the 
eduction one-sixth to one-eigHth of the area of the cylinder, — prop<irtion8 
which allow at memi speeds of twenty-five to thirty miles per hour, a pres- 
sure little different fW>m that of the steam in the steam pip«s : far higher 
speeds the ports should be larger in proportion. The valve casing is covered 
with a door, which can be removed to inspect the valves or the cylinder 
face. Some valve casings have covers upon their front end as well as their 
top, which admits of the valve and valve bridle being more readily re- 
moved. 

A cock is placed at each end of the cylinder to allow the water to be 
discharged which accumulates there from priming and condensation. The 
four cocks of the two cylinders are connected, so that by working a handle 
the whole are op<>ned or shut at the same time. In StopheDson''B engines 
with variable expansion, there if but one cock, which is on the bottom of 
the valve chest. 

The valve lever is usually longer than the eccentric lever, to increase 
the travel of the valve. The pins of the eccentric lever wear quickly. 
Stephenson pats a femle of brass on these pins, which being loose and act- 
ing as a roller, facilitates the throwing in and oat of gear, and when worn 
can easily be replaced ; sn that there need be no material derangement of 
the motion of the valve from play in this situation. The starling lever 
travels between two iron segments, and can be fixed at the dead point or 
for the forward or backward motions. This is done by a small catch or 
bell crank jointed to the bottom of the handle at the end of the lever, and 
coming up by the side of the handle, but pressed out from it by a spring. 
The smaller arm of this hell crank isjoiotedto a boltwhichshoots into notches 
made in one of the segments between which the lever moves. By pressing 
the bell crank against the handle of the lever, the bolt is withdrawn, and 
the lever may be shifted to any other point ; when the spring being released, 
the bolt flies into the nearest notch. 

We have already discussed the subject of locomotive pistons at pages 
194. and 19&., and can here only add that the pistons which consist of a 
single ring and tongue piece, or of two single rings set one above the other 
so as to break joint, are preferable to those which consist of many pieces. 
In Stephenson's pistons the screws are liable to work slack and the sprimgs 
to break. The piston-rods are made of steel, the diameter being from one- 
wresth to one-eighth of the diameter of the cylinder. They are tapered into 
Um puton, and secured there with a cutter. The top of the piston-rod is 
■eeured by a cutter into a socket with Jaws, through the holes of which a 
cross-bead passes, which is embraced between the jaws by the small end of the 
connecting rod, while the eads of the cross-bead move in guides. Between 
the picton-rod clutch and the guide blocks, (he feed-pump rod joins the 
cross-head in some engines. The guides arc formed of steel plates attached 
to the framing, between which work the guide blocks, fixed an the ends of 
the oron-head, and which have flanges bearing against the inner edges of 
the gnidcs. Steel or brass guides are better than iron ones. Stephenson and 
Hawthorn attach their guides at one end to a cross-stay, — at the other to 
lags upon the cylinder cover; and they arc made stronger in the middle 
than at the ends. Stout guide-rods of steet encircled by stuffing-boxes on 
the ends of the cross-head would probably be fnond 5n|>error to any other 
arrangement. The stuffing-boxes might contain 
conical bushes cut spiral1y,inaddition to the packing; 
and a ring cut spirally might be spnmg upon the 
rod and fixed in advance of Ibe stuffing-box with 
lateral play, to wipe the rod before entering the 
sttiffing-box, and prevent it from being scratched 
by the adhesiou of dust. 

Fted Apparatus. — The feed-pumps are made of 
brass, but the plungers are sometimes made of iron, 
and are generally attached to the piston-rod cross- 
head, though in Stephenson's engines they are 
worked by rods attached to eyes on the eccentric 
hoops. There is a ball valve between the purop and 
the tender, and two usually in the pipe leading 
iVom the pump to the boiler, besides a cock close to 
the boiler, by which the pump may be shut off from 
the boiler in the case of accident to the valves. 
The ball valves are guided by four branches which 
rise vertically and join at top in a hemispherical 
form, as shown in Jig. 327. The shocks of the ball against this have 
in some cases broken it after a week's work, from the top of the cage 
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having been made flat and the branches not having hod their junction at 
top properly filletted. These valve guards are attached in different ways 
to the pipes; when one occurs at the junclion of two pieces of pipe it 
has a fumge, which, along with the flanges of the pipes aitd that of the 
valve seat, are held together by a union joint It is sometimes formed 
with a thread at the under end, aad screwed into the pipe. The balls are 
east hollow, to lessen the shock as well as to save metal : in some cases, 
where the feed-pump plunger has been attached to the cross-bead, the 
piston- rod has l)eeD bent by the strain ; and that must in all cases occur if the 
camniunication between the pump and boiler be closed when the engine is 
started, and there be no escape volve for the water. Spindle valves have in 
some cases been used instead of ball valves, but they are more subject to de- 
rangi'mcnt. Slide valves might easily be applied, and would probably be 
found preferable to either of the other expedients. It would be a material'im- 
provement, we conceive, if the feed pumps were to be set in the tender, 
and worked by means of a sinali engine, such as that contrived by Messrs. 
Penn for feeding their tubular boilers. The present action of the feed 
pumps of locomotives is precarious, as if tlie valves leak in the slightest 
degree, the steam or boiling water from the boiler will prevent the pump 
from drawing. It appears expedient, therefore, that the pumps should be 
far trom the boiler, and should be set among the feed water, so that they 
will only have to force. If the pump were arranged in the manner we 
have now recommended, the boiler could still be fed regularly, though the 
locomotive was standing still ; hut it would be prudent to have one pump 
still wrought in the usual way by the engine, in case of derangement of the 
other, or in case the pump in the tender might freeze. The pipes connect- 
ing the tender with the pumps should allow access to the valves and free 
motion to the engine and tender. This end is attained by the use of ball 
and socket joints ; and, to allow some eud play, one piece of the pipe slides 
within another, like a telescope, and is kept tight by means of a stnflSng-box. 
A ny pipe joint between the engine and the tender most be made in this fashion. 

The feed-pipe of many engines enters the boiler near the bottom, and 
about the middle of its length. In Stephenson's the water is let in at the 
smoke-box end of the boiler, a little below the water level. By this means 
the heat is more effectually extracted from the escaping smoke ; bat the 
arrangement is of questionable applicability to engines of which the steam- 
dome and stearo-pipe are at the smoke-box end, as in that case the entering 
cold water would condense the steam. 

To ascertain the height of water in the boiler, gange cocks and glass 

Fig. 398. 
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tubes are proTJded, as in the case of marine boilers. One of these ghus 
gauges is represented in Jig. 328. The upward turn of pipe proceeding 
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from tbe top of tbc tabc in the interior of the boiler. Is calculated to prevent 
the water from boiling down tbroogh the tube, as it sometimes will do if 
tbe butler be too full. The downward turn of the tube at the lower end 
does not appear calculated to be of service. A small screw plug is placed 
on each socket c>piio«it« the cock to enable a wire to be introduced, to clear 
the Cock, should it become choked. There are generally three gauge cocks 
attached to the boiler, — besides the glass tube, — the lowest of which should 
alwars run water, and the highest shoald always blow steam. If the water 
oscillates inconveniently in the glasa tube, the evil may be checked by 
partially closing the cocka. 

WttftU. — The driving wheels are made large to increase the speed : the 
bearing whevU also are easier on the road when large. In goods engines 
the drtring wheels are smaller than in passenger engines, and are generally 
coupled together, as in Bury's engine, represented in one of our plates. 
Wheels are mode in various ways ; they are very freqaently made with 
cast-iron naves, and with tbe spokes and rim of wrought iron. The spokes 
are forged out of flat bars with T formed heads ; these are arranged radially 
in the founder's mould, whilst tbe cast'iron centre is poured around thetu ; 
the ends of the T heads are then welded together to constitnte the periphery 
of the wheel or inner tire, and little wedge-form pieces arc inserted where 
there is any deficiency of iron. In some cases the arms are hollow though of 
wrought iron, the tire of wrought imn, and the nave of cast iron ; and the 
spokes are tnrned where they are fitted into the nave, and are secured in 
their sockets by means of cutters. Hawthorn mokes his wheels with cast- 
iron naves, and wrought iron rims and arms, but instead of welding the arms 
together, he makes palms on their outer end, which are attached by rivets 
to the rim. These rivets, however, unless very carefully formed, are apt 
to work loose; and wr think it would be an improvement if the [Mdms were 
to be slightly indented into the rim, in cases in which the palms do not 
meet one another at the ends. When the rim is turned, it is ready for the 
tire, which is now often made of steeL The materials for wheel tires arv 
first swaged separately, and then wdded together under the heavy hammer 
at the steel-works, uftcr which thev are bent to the circle, welded, and 
turned to certain gauges. The tire is now heated to redness in a circular 
furnace ; daring the time it is getting hot, the iron wheel, previously turned 
to the right diameter, is bolted down upon a bee-plate or snrfhce ; the tire 
expands with the heat, and when at a cherry-red, it is dropped over the 
wheel, for which it was previously too small, and it is also hastily bolted 
down to the surface plate ; the whole load is quickly immersed by a swing 
crane into a tank of water about five feet deep, and hauled up and down 
until nearly cold ; the tires are not afterwards tempered. It is not indis- 
pensable that the whole tire should be of steel, but a dovetail groove turned 
oat of the tire at the place where it bears most on the rail, and fitted with a 
band of steel, which may be put in in pieces, is sometimes adopted, though 
at the risk of being thrown off in working. The steel, after being intro- 
dnced^ is well hammered, which expands it sideways, until it fills tbe dovetail 
groove, but it has sometimes come ouL The tire is attached to the rim by 
rivets with countersunk heads, and the wheel is then fixed on its axle. 
The tire is turned somewhat couical. to facilitate the pttssage of the engine 
round curves — the diameter of the outer wheel being virtually increased by 
the centrifugal force, and that of the inner wheel correspondingly dlmi- 
niihed, whereby the curve is passed withoot the resistance which would 
othcrwUe arise from the inequality of the tpacet passed over by wheels of 
the sam« diameter fixed upon the same axle. The raibi, moreover, are not 
set quite upright, but are slightly inclined inwards, in conse<^uence of which 
tbe wheels moat either be conical or slightly dished, to bear fairly upon 
them. Oitt benefit of inclining the rails m this way and coning the lircs is 
that the flange of tbe wheel is leas liable to bear agamst th« side of the raiU 
wad vith the same view the flanges of all the wheels are made with large 
flUeta in tbe comers, l^lieels have been tried looae upon the axle, but 
they have less subility, and are not now mncb itied. Kfuch eontrorersial 
ingenuity has been expended upon tbe questioiv of tlie relative menu 
of tbe four and six-wheeled engines; one party maintaining that foor- 
whrclcd engines are most unsafe, and the other that six-wheeled engines 
are uunicchanical, and are more likely to oocaaion accidents. It appears to 
an tlial the fimr-wheeled engines have been charged with £tnlts which do 
not really attach to them when properly eooatmcted, for it by no means 
follows thai if the axle of a four-wheel engine breaks, or even altogether 
comet away, that the engine must fall down or run o&' the line, inasmuch 
as if properly cuujiled to the tender, it has the tender to sustain it. It is 
obvious rnoiich that such a connection may be made between the tender 
and '' . thai cither the hind or the fore axle of the engine may be 

lak' .1 yet tbe engine will not fall down, but will be kept up by 

the u.'Mvi , .^-i the argument* agaiaat the four-wheeled engines arc nothing 
■ore than argnnaBti agaiiHt ne want of aneh a connection. It is no 
4flobt the ihet that loeoinotiTe cnginea are itow becoming too heavy to be 
c^Me of being bonte oo tmr wheels at high speeds without injury to the 
raila i bat we rear the ob|}«otioa of damage to tbe rail ap[>lies to the six- 
wbaelad engine with quiU' as great force, as the engineer has the power in 
dut CMe of putting nearly ail the weight npoa t»o wheels, and if the rails 
be wft or gna*^, there ia a great temptation to increase the bite by screw- 
iaf 4owB tnedriTiog wheels apon the rail. A greater itrain is thns not only 
thrown upon the niu than can exist in the ease of any equally heavy fonr- 
wheeled engine, but tbe engine ia flMde very unsafe, as a pitching motion 
IpiU be given to it at high spcedi, from bcmg poiacd opon the central 



driving-wheels, and the engine will alto be more tnt^ieei to i 
Stephenson makes his driving-wheels without flunges, to fakrilitate ihie [ 
sage of the engine round curves, and if six-wheeled engines be nuHi* alaiU 
it appears to be expedient to construct them in that manner. Bat ilttAC 
of making enormou>>ly heavy six-wheeled engines, it appeals lo • 1»hr 
preferable to use four-wheeled engines of moderate weight, and to^flya 
suflBcient number of them to a train to enable it to reach tba B Ha B ii 
velocity. To this there is no doubt the objection, that the expaut flf lit 
propelling power is greater by this arrangement, as a smalt engine n^iina 
a driver and stoker for itself us well as a large engine. Bnt by —^^ir* At 
tender double, with one engine before and another engine behind it.a«af|lr 
driver and a single stoker would suffice for two engines. I'he atart^ 
handles of both engines might be brought to the middle of the ttoAet, an 
that the engines might be stopped or started simultaneously, and be Baa4t 
to operate in this respect like a single engine. This arraanaaailt a|f«an 
to us greatly preferable to that of making heavy six-whaaWd W|BM^ • 
the rail will be preserved from the injurious effect of exceaaiTa w^iht, aai 
there will be less loss of power from contracting the hla*t-pipe when the 
fire and flue surface is increased by tbe addition of aiuttber engine. Ia ail 
locomutlres, there is a very material loss of power from the cobtraeiioa of 
blast-pipe necessary to maintain the blast ; at high speeds one half dt tW 
power of the engine is lost by the inadequate area of the ateam paangn af 
which tbe greatest loss is that arising from the contraction of 11m btaM^fjaik 
Tenders are now made larger than heretofore, to obviate tlw aaccamtf cts* 
many coke and water stations ; they should have glaas windows all roaad 
them, to shield the engine driver from the weather, and enahla liiai daring 
the worst winds and rains to keep a steady look-out Tenders can be pal 
on any number of wheels, so that inconvenience is not likely to aria* tiam 
their size and weight 

Cranked Ask. — The cranked axle is made of wroagfat iron, with two 
cranks forged upon it, towards the middle of its length, at a '*'«TT*m fnm 
each other answerable to the distance between the cyliadeis ; baaaMH« 
made on the axle for the wheels to be keyed upon, and there ar* barii^ 
for tbe support of the fhuning. The axle is usually forged in t»n pieea^ 
which are then welded together. Sometimes the pieces for the eranka s(« 
put on separately, but those so made are liable to give way, la eofiaai 
vith outside cylinders the axlea are straight, the crank pins being UMHSal 
in the naves of the wheels. The bearings to which the ooanactii^i-tadi 
are attached are made with very large filUu in the oorecn. to aa •• 
strengthen the axle in that part, and tu obviate side play in the 
rod. Id engines which have been in use for M>me time, howvrsiv 
is generally a good deal of end play in the bearings of the axles i ~ 
and this slackness contributes to make the oscillation of tbe 
violent. The bearings of locomotive axles should, it appeafsfo 
made aphemidal, after the fashion we have already reconoMndad T 
paddle-shafts of marine engines, whereby end play tteotai 
and the momentum of the piston should be balanced by the 
a weight to the wheeL If tliese precautiooK be observed, loooooiivM i 
not oscillate, whether nude with outside or iiuide cylinders, if obIj i 
on four wheels. 

Cottitecting Rod*. — It is very desirable that the length of tlw i 
rod should remain invariable, in spite of the wear of the Trass ra. Ibr 1 
is a danger of ihe piston striking against the oorer of the ey Under, if ill 
shortened, as the clearance is left as amall aa poasible, ia ordier to ecu 
steam. In some engines tbe strap encircling the eraak pia ia dxad ■»• 
roovably to the connecting-rod by dovetailed keys, as shown in/ 
and a bolt passes through the keys, rod, and strap, to iie ese n t tha i 
keys from working out The brass is tightened by a gib sad oafna 
is kept ft-om working loose by three pinching screws and a «nm 
cutter throagh the point. The effect of this arrangeaiest ia M> 
the rod, but at the cross-head end of the rod the eloegatiua is i 
by making tbe strap loose, so that in tightening the braaa tha n 
shortened by an amount equal to its elongation at the crank-pia ead. 
tightening here is also effected by a gib and cutter, which '» kept I 
working loose by two pinching screwa presaiog on the side aJT the « 
Both JQomals of the connecting rod 'are fumiahed with oil-eay^ ] 
small tube in the centre, with siphon wicks. Thecosmectingrod,! 
in^s. 339, 3.30., is a thick flat bar, with its edges raoadcd. 
connecting rod is made at the crank end, after tbe naae i 
cniuiecting rods of the Bbick Eagle and Retribution stesunera, i 
the plates of those vesaels; but instead of amaUeabtetrorn cap,* mapafi 
iron passes over both brasses, and ia attached to theTodof t' 
rod by means of nnta upon the ends of the beat ino, whadi ii 
thickest in the middle, to resist the strain. This piaa haa Ike 
shortening the connecting rod when the braaacs are a aswad af^ aad Aa 
braaaea require to be Tei7 strong and heavy. Uawthera'e eoaaMdaf aal 
has a strap at each end, tightened by a gib and cutter ( bat, to aftwiMs iht 
tendency to shorten the rod. the piston-rod end is furaiahed with a t0m 
for tightening the brass ontwarda The point of the eottar is a m aad. mH 
goes through a lug attached to the gib, and is tightened \j a Bat. It oaaH 
l>e preferable to attach the lug to tbe cutter and the saw* In the fihvai At 
projection of the screw, when the cutter is far in, would aoi Uaafet* 
great In the engines on the Rouen Railway the pistaa>rad ead ef thao^ 
necting rod has neither strap nor brasa, but simplv i aila ataa tha ( 
bead, while the crank end is hoUowed oat to adisut bi 
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tightened hj a gib and cutter. The length of the connecting rod varies 
from four times the U-npth of the crank to seven times. The lon^ con- 
necting rod hajs the advantage of diminishing the friction upoD the shdes. 
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Etxentriea and Eccentric Rod. — The eccentrics are made of cast-iron ; 
and whea set on the axle between the cranks, they are put on in two pieces^ 
held together by bolls, as shown in yii/s. 331, 332., but in straight axle 
engines they are cast in a piece and are secured on the shaft by means of a 
key. The eccentric, when in two pieces, is retained at its proper angle on the 
•haft by a pinching screw, which is provided with a jam nut to prevent it 
from working loose. A piece is left out of t]ie eccentric in casting it, to 
allow of the screw being inserted, and the void is afterwards filled by 
inserting a dovetaile<i piece of metaL Stephenson and Hawthorn leave 
holes in their eccentrics on each side of the central arm, and they apply 
pinching screws in each of these holes. The screws sometimes slacken 
and allow the eccentric to shift, unless they are provided with jam-auta. 
In the Rouen engines with straight axles, the foar eccentrics are cast in 
one piece. 

Eccentric straps are best made of wrought iron, as inconvenience arises 
from the frequent breakage of brass ones. When made of malleable iron, 
nne-half of the strap is forged with the rod« the other half being secured 
to it by bolts, nuts, and jam-nuts. Pieces of brass are in some coses pinned 
vithia the malleable iron hoop, but it appears to be preferable to put 
hraJies within the strap to encircle the eccentric, as in the case of any 
other bearing- When brass straps are used, the logs have generally nuu 



on both sides, so that the length of the eccentric rod may be adjosted ; hut 
it is better for the lugs of the hoops to abut against the necks of the screws. 

Fig. 931. Fig. 332. 



V 



ill 



.^-^■ 



Q 



LI Ll 



SCCtifTRIC PITLLIY, 



and if any adjustment is necessary from the wear of the straps, washers can 
be interposed. In some engines the adjustment is effected by screwing 
the valve-rod, and the cross-head through which it parses has a nut on 
cither side of it by which its position upon the valve-rod is determined. 
The forks of the eccentric rod are steel. The length of the eccentric rod 
is The distance between the centre of the crank oxJe and the centre of the 
valve shaft. 

Vahe motions. — In locomotives the eccentrics are now always fixed upon 
the axle, and two are used, one for the forward, the other for the back- 
ward motion : the loose pulleys have been given up on account of their 
liability to get oat of order from the shocks to which they were subjected 
by sudden change of direction when worked at a quick speed. The 
ammgement whereby the motion of the eccentric is tnmsmltted to the 
valve, is either direct or indirect. In cases of indirect attachment the 
motion is g^veti through the intervention of levers, mid there is some 
variety in the arrangements by which the reversing is accomplished. 
Alcard and Buddicome use a pair of eccentrics at the end of the axle, which 
is straight ; the reversing shaft is placed below the level of the piston-rod, 
and to a lever keyed upon it are attached links of unequal length, coonected 
at their upper extremities with the ends of llie eccentric rods, one of which 
is above and one below the studs on the lever of the valve shaft, so that 
the upper eccentric rod, being in gear, gives the forward motion, and the 
lower gives the backward motion. In other engines, forks are situated 
above and below the stod of the eccentric levers ; the forward eccentric rod 
is lifted up out of gear by & link depending from the lever on the reversing 
shaft, and by the same movemcat the backing eccentric is lifted into gear 
by a longer link conaectiug it to a lever, cot upon (he reversing shaf^, but 
npoa a shaft below it. Stephenson and Hawthorn have both ttsed a similar 
arrangement, but admitting of the eccentric rods being both under the 
studs of the lever on the valve shaft, so that there is no danger, in the 
event of a disengaged rod falling down, or of any part of the gearing being 
bent or twisted by both rods hemg in gear at the same time. The motion 
of the eccentrics is now frenqaently transmitted directly to the valves. 
In Pauwel'a arrangement of valve gearing, the valve works on the side of 
the cylinder, and the valve rod is prolonged in the form of a deep flat 
blade of a lozenge section, on each side of which a stud is fixed, — one being 
intended for the notch of the forward eccentric rod, and the other for that 
of the reversing eccentric. Above them is fixed the reversing shaft, from a 
lever on which depend two links of unequal length, which are jointed to 
the ends of the eccentric rods. Ily working this lever up or down, the 
eccentric-rods will be alternately engaged and disengaged, and will com- 
municate their respective motions to the valve; or if the lever he kept in 
its mid position, both eccentrics will he out of gear, and the valve of course 
will remain stationary. Pauwel's engines are difficult to work, and are 
subject to shocks from going suddenly into gear : this arises from the 
whole weight of levers and rods being on the troat of the reversing shaft, 
hut the evil might be remedied by attaching a counterbalance to the shait. 
Valves situated upon the sides of the cylinders, as in the engine of Stephen- 
son, represented among our plates, are in many cases more easily con- 
nected with the ecceatnc, but they require springs to keep them up to the 
face, so that it appears preferable to make the faces of the two cylinders 
inclined to one another rather than upright, if valves on the sides of the 
cylinders are preferred. Stephenson's link motion is the most elegant, and 
one of the most eligible modes of connecting the valve with the eccentric 
yet introduced. The nature of thii txrangemeut will be made plain by m 
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rtibtmt* Mo fig- SSS., where < i> the ralre-rod which it attached by a pin 
to u open corred Uak coonected ot the one end with the driving eccen* 
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trie-rod d, and at the other with the backing eccentric rod <f , The link 
with the eccentric rod* \» capable of being moved ap or down by the rod/ 
and bell crank /", situated on the ihaft g, while the valve-rod remains in 
the iame horixootal plane, it is very clear that each end of the link roast 
acquire the motion of the eccentric rod in connection with ii, whatever 
oonrae the central part of the link may pnrsne, and the valve-rod will 
partake most of the motion of the eccentric rod that ii nearest to it. When 
the link Li lowered down, the valve-rod will acquire the motion of the 
upper eccentric rod, which is that proper for going a-head ; when raised 
ttp, the valve-rod will acquire the motion of the reversing eccentric, white 
in the central position the >'alve-rod will have no motion, or almost none. 
The link motion therefore obviates the necessity of throwing the eccentric 
nxl out of gear ; it also enables the engine to be worked to a certain extent 
expansively, though as a contrivance for working expansively, we cannot 
bold it as deserving of mnch commendation. The dead point of the link 
BKrtion u where the line of the valve-rod bisects the angle formed by the 
Meeotrie rodx. The maximum forward motion is when the rods are as 
flgand, and the maximom backward motion when the rods d and <t are in 
the positioos A" and kf. The best forms of the link motions have side studs, 
to which the eccentric rods are connected, and these are phMcd so that at 
the grvatMt throw, whether backward or forward, the va]ve>rod and eccen- 
%nt rod are in the same straight line, and the valve receives the fall throw 
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ef li« MMBtric A counter- weight it also ttfoted to the »1iaft to balance 
tfft vti|kt of the link and rods. The accood ceeoitrio and eccentric rod 



of the link motion might, it appears to tu, he benefieianj i 
by placing the shaft g in the plane of the valve-ttxl, and atti 
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the centre of the link, which would work in the eye of the horistailll 
of the lever /. This lever would in such case require to be tetf 
Stronger than at present, as it would have to vithstaad the thrwl of ^ 
eccentric, and the link would then virtually be a doabIe-«nded Iwvr with 
a moveable centre. Wltere more convenient, the pin in the ontM «f tha 
link might be moved in vertical or curved gnides, instead of bciag MMChaA 
to the lever / The act of raising the link, and with it the e inwOk rai. 
would in effect alter the position of the eccentric on the sliaft, aad if th» 
eccentric rod were prnperly proportioned in length, would make the \aJL 
right on the reversing side. 

The movement for working the valves is ia some cases derived tnm the 
connecting-rod, as in the arrangement known as Heliing's motiaii. R|*t> 
sented mfig. 334., where the valve- rpd is attached by anitaUe coBaacBsa* 
to a pin in the connecting-rod. 

A somewhat similar mode of working the valve hM hMH anloni 1^ 
nawthon, of Newcastle, which admits of expansive actton, awMraich ■ 
ropresenteid in^. 335. The pin in the connecting-rod work* m a link, •• 
which arms are attached at right angles. The extremit j of the low«r cf 
these arms is connected by a link and lever to a shaft, which ia woefcal ky 
the revening handle, while the upper arm is attached to a l**«r apoa tl* 
▼alve-shaft Upon this shaft there is a doable-ended Ww; wllb fltlher 
end of which a rod, in commonication with the valTC, pttt, loeHtfH aa a 
forward or reverse motion is wonted. This valve-link is ooBacMM kv • 
link with the staniBg-ahaft The cc-nrral slot in the link peraiitt the vs* 
end moveiaait of the pin on the connecting-rod, while the \i$mn 
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ment is commanictted to the link, and made available for warking the 
valve-levers. To reverse the engine, the inclination of the link must be 
altered, and the fork in gear must be changed to the other end of the lever, 
which is done by the same handle : the lead is regulated by the degree of 
inclination of the parailelogram, which might be changed by lengthening 
the lever on the reversing-shnft connected with the lower arm of the link, 
or by shifting it round on the shaft so as to throw the lower ann towards 
the cylinder. There is ranch complication in this arrangement ; the parts, 
too, require to be large, and the plan has not been received with much 
favour, although good results have, we believe, been obtained. 

Variable expansive action has recently been extensively introduced in 
locomotives, and the whole of the various expedients for its accomplishment 
operate either by altering the travel of the valve, or by the introduction of 
superposed valves. The first mode is that adopted by Stephenson and 
Cttbrey, and the second is principally used by Slayer and GonzenbacL lu 
the first the effect is to uncover the steam ports less, and to re-shut them 
sooner ; to hurry tbe eduction, and to compress the steam shut within the 
cylinder: fnim the early closing of the eduction, the advantages due to ex- 
pansion are partly sacrificed, for the steam escapes before it baa done all its 
work, and power is lost in the compression of vapour. The second class of 
expansion contrivances is not chargeable with these defects. It admits 
of the steam being cut off at any part of the stroke, without any derange- 
ment of the valve motion, but there is greater complication in the apparatus. 
In the class with variable throw, the cutting off us the result of a virtual 
contraction of the ports, which wire-draws toe steam, increasing the speed 
of the entering steam, and making the pressure in the cylinder less than in 
the passages. In Cabrey's expansion gear, which we have described at 
page 200., the fault is, that for certain degrees of travel, and when there is 
much cover on the valve, it may happen that instead of opening the port 
before the end of the stroke, the valve may not have sincovered the steam 
port when the piston is about to begin the return stroke. This evil results 
trovo the invariable position of the eccentrics on the shaft, and the immo- 
bihty of the centre of the valve lever. Stephenson gets rid of the defects 
of Cabrey's system in regard to changing the lead of the eccentric, by 
rendering moveable the centre, of oscillation of the valve lever, as the link 
may be considered, whereby he virtually turns mond the eccentric on the 
axle. Mayer's gear, which we have figured at page 2O0., has given very 
good results, aod is free from the defects of Cabrey's and Stephenson's. 
Whatever be the degree of expansion, it presents the same area of steam 
port ; the eduction is not unduly hurried, the linear lead is navarying, and 
tbe compression of the steam before the piston is but small, aud is not 
liable to increase. The wheel and chain gearing, however, used in work- 
ing it, are very troublesome, and liable to get out of order, and the valves 
have a great deal of friction. Gonzenbach's haa Less friction than Mayer's, 
and gives equally good results. 

How to tet the Voice* of Locomotivtu. — 'When the cylinder is horizontal 
the crank is horizontal at the ends of the stroke; bat it is not vertical when 
the piston U at the middle of its stroke, owing to the deviation from pa- 
rallelisRi introduced from the connecting rod being compelled to move at one 
of its extremities in a straight Line. When the piston is at the end of the 
bottom stroke, and is gradually advanced towards the middle of the stroke, 
the end of the connecting rod is carried round by the crank in a curve 
opposed to that which it would naturally describe round the cros!«-head as 
centre ; but when the piston ha.5 approached the end of the top stroke, the 
curvature of the path in which the end of the conueeting rod is moved by 
the cratik is in the same direction as that of the circle which it would 
describe round the cross- head, and these curves would coincide if the con- 
necting rod were equal in length to the crank : it will be easily seen, there- 
fore, tliat at the top stroke the piston rod requires hut a small movement 
to enable the end of the connecting rod to traverse n large portion of the 
circle of the crank, while at the bottom stroke the piston has to travel 
farther to allow of an equal arc being described by the crank. From these 
consideraticms it follows, that the motion of the crank being nearly nnilorm, 
there must be considerable inequalities in the speed of the piston ; and 
more than a half circle will be described by the crank during the lop half 
of the stroke, and less than a half circle in the bottom half of the stroke. 
The length of the connecting rod is the distance from the cross-head at 
half stroke to the centre of the shaft; and it is clear, therefore, that at mid- 
stroke the crank cannot be vertical. The motion of the valve partakes of 
the same species of irregularity; but as the eccentric rod is much longer 
in proportion to the radius of the eccentric than the connecting rod, that 
inequality only may be noted which arises from the relation between the 
circumference of a circle and its diameter. The irregularity arising from 
the angle of the connecting rod also affects the valve, hut not to an in- 
jurious extent in ordinary cases. We need not, therefore, consider tbe 
effect of such irregularities in the following directions how to set (he valves 
of locomotives. In jSy. 336. we have shown the direct connexion, as used in 
some of Stephenson's locomotives, A £B F reprcseutiug the crank circle, and 
the inner circle that of the eccentric. Supposing, now, that the total length 
of the valve face were equal to the distance between the extreme edges of 
the steam ports, the valve would be without lap ; and leaving the question 
of lead out of consideration for the present, that is, supposing that the t^team 
were admitted exactly at tbe ends of the stroke, the eccentric would be 
tikstened upon the shaft at right angles to the crank ; in other words, the 
ill cnuik which coostitutes the eccentric would be at right angles to the 
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large crank, whlcli is attached to the piston-rod. In this way the valve 
would be in the middle of its stroke when the pifitoo was at either end of iu 
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stroke, so as to close both the steam and eduction passages, and to be ready, 
with the slightest possible advance, to open both for the return stroke of 
the piston. It has been found advantageous, 'however, to make tlie valve 
face longer than tbe distance between the extreme edges of the steam ports, 
BO that when it is in the middle of its stroke, it projects or overlaps the 
ports at both ends ; and hence it requires to move through a space equal 
to the overlap before it is in a condition to open the steam port for the 
return stroke of the piston. To effect tbi.s, it is only necessary to move the 
eccentric forward in its path, until, at the end of the stroke of the piston, 
the valve is on the edge of the Gteam port, ready, as before, upon the 
slightest farther advance, to admit the steam to the cyhnder. Now, as the 
valve is thus required to move through a part of its travel or throw eqnal 
to the overlap at each end, and as the throw is equal to the diameter of the 
circle which the eccentric describes, it follows that, to give the requisite 
advance, that distance must be measured upon the diameter of the circle, 
and the correspondiug position of the centre of the eccentric is that of 
which we are in search. 

On the remote sitle of the centre of the crank shaft, and on the line of 
centres, mark off DC, the amount of overlap at each end of the valve, and 
draw a line parallel to E F, the vertical centre line of the crank shaft ; the 
are of the eccentric circle intercepted between these parallel lines is that 
through which the eccentric must move, in order to draw the valve through 
a portion of its stroke equal to the overlap D C; aud the point in which the 
line intersects the circle of the eccentric is, therefore, the position which 
the centre of the eccentric should occupy when the piston is at the end of 
its down-stroke, and on the very point of beginning its up-strokc. In prac- 
tice, however, the vnlve is not so set as to open simultaneously with the 
commencement of the stroke of the piston, but is set so that the steam 
commences to flow into the cylinder a very little before the beginning of 
the stroke ; and hence, when the piston actually commences its stroke, the 
••iHii-ve baa already partially opened the port To make this a4Justment an 
additional advance most "be given to the valve, and of course in the same 
direction ; and the amount of Ituti, or opening, which the port has at the 
commencement of the stroke of the piston, must be added to the /«;>, their 
sum from C to D being treated the same in every respect as if the whole 
were /o/>, and so, for the sake of brevity, we may treat it. 

Let us suppose now that it was required to find the length that the 
eccentric rod should be: — Place the crank horizontal, so that it may have 
the piston at the bottom of its stroke ; bring round the eccentric to the 
corresponding position which we found it should occupy, and measnre the 
distance from that point to the centre of the joint by which the eccentric 
rod is to be attached to the valve rod; this will he the length of the eccen- 
tric rod. When the length of the eccentric rod is known, either the valve 
or eccentric may be put in its proper place, if one of them be already set : 
thus, if the valve be set, ns in the drawing, and the eccentric rod connected 
also with the eccentric, it will bring the latter into its place, where it may 
be fixed ; but if the valve could not be conveniently set, it would then be 
necessary to take the following method, which requires the knowledge of 
the amount of lap, and the length of the eccentric rod. Find, as before, 
the position of the eccentric, attach the rod, and the valve roust come into 
connection in the proper position. In practice, the most convenient method 
of finding the position of the eccentric with a given lap is to draw a circle, 
such as 11 K, representing the crank shaft, upon a board or a piece of sheet- 
iron, and another eijual to the circle of the eccentric, and draw two diameters 
perpendicular to each other ; mark off from the centre of the crank shaft, 
and upon one diameter, the amount of lap C D ; through this pjint draw a 
line panillel to EF. the other diameter ; the points in which this line cuts 
the circle of the eccentric are the positions of the forward aud backward 
eccentrics. Through these paints, and from the centre of the crank shaft, 
draw lines C M, € N, which will intersect the circmnference of the crank 
shaft ; upon this circumference measure with a pair of compasses the chord 
ot the arc intercepted between either point of mtersectioD and that of the 
vertical diameter £ F ; and the lines of diameters being first drawn upon 
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thr shift Uielf, then, bf tmuferrin^'with the eompuwi th« distunce fbond 
u)>oii th« diagninu the proper poBition of the eccentric at the end of the 
stfDke uf the piston is at once dcu-nnined ; and this being marked upon the 
shmft. the eccentric can at any time be set, by bringing it round to that 
mark. Before leaTiag this figure we may remark, that as the valve in 
St«pbenfon't iMomotiTea of this kind is on ttie side of the cylinder, the cylin- 
der face sboold be towards ns in the drawing. As this arrangement, however, 
would have aCEbrded a lesa easy explanation we have adopted the present one. 
It will also be observed that the crank shaft and cj Under are too close, and 
are not in a line with each other -, but this, while it could not be easily 
KToided, is at the same time of no importance in considering the respective 
motinu of the piston and valve, cnmk and eccentric, which are shown in 
their true relative poaitions. The crank is upon the centre, and the 
piKion. eonaeqoently, at the end of the bottom stroke ; the eccentric and 
valve being put in advance of tbe piston by the lap, have shut off the steam 
before the end of the stroke, and have also opened tbe eduction in readinesa 
for the up-stroke ; whereas, without lap, the valve would shut off the steam 
end. and open the eduction at the other, simultaneously with the 
lination of the stroke of the piston. 
\njig. 337. we have a different kind of valve gearing, there being levers, 

Fiij. 337. 
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wUoh rerene the direction of the motion ; that is, while the eccentric rod 
and lever arc moving in one direction, the valve rod and lever being on 
the opposite side of the weigh-bar shaft, are moving in the opposite 
direciiuo. In tbe funner case there were no levers, and therefore no 
reversal of the motion. Hence, in order to give the valve the same motion 
■s before, in relation to the crank, it is nccesaaij to throw the eccentric 
la th« (^ipoidte aide of tlu crank shaft, ao that its motion may be in the 
rvverse direction, to eoopensate fur the reversing action of the levers. 
For whereas, when upon one side of the shaft they caused the valve to move 
in the same direction as themselves by means of the eccentric rods, now 
that the levers are introduced, the ecoentrica must themselves move in an 
opposite direction, to give tbe valves the same motion as heretofore. And 
tnu can only be done by putting tbe eccentrics on the opposite side of the 
crank centre, rooad which they move, and, of course, in an opposite 
direction. 
Fiy.39a. is intended to illustrate the valve connection of the common looo- 
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aatite, in which thr moiioa of the eccentric is communicated through 
Urnt% to the valve, and generally with an increase of throw. In this figure 
«« have the ej-liodrr btce, with tbe valve upon it, at one end of iu travel. 



Measure off the length of the valve throw, from the end of the valrc bor. 
in the direction of its travel. The throw of the valve may best b« tenak 
by adding the lap to tbe breadth of the steam-port, and doubling their mai. 
If there were no levers intervening between the valve and ecoe p l ri e; dw 
line thus measured, which is the throw of the valve, would be the diMMtar 
also of the circle described by the centre of the eccentric paUey i hat iW 
use of levers interferes with this proportion unless the lever* be ntadrof 
eqnal length. The effect of levers of unequal length, in making a pn>fior» 
tional ineifoality between the throw of the valve and of the cccentrJc wlU 
be readily seen by reference to a diagnun. From the centre A uf th« 
diameter, representing the throw <if the valve, draw a line perprodicalar to 
the valve face ; and from the same point meastire o^ upon that line, th* 
length of the lever A M, which is to be attached to the valve rod, and which. 
for distinctioa, we shall call the valve-lever. From the point B thoa fsaod 
as a centre with the radius B A, describe a portion of a circle int«*rM<c|i^ 
perpendiculars drawn from C and D, the extremities of the line w hich r<r- 
presenU the throw of the valve ; from those points in the circomfcrence of 
the circle produce lines through tbe centre R. On either side of the cvntn 
line A E, and at a distance from it equal to the radios of the eccentric draw 
a parallel line. From B as a centre, with the distance flrom the centre B 
to the points U K, — in which the parallels intersect the produced liQe«ar the 
lever, aa raditis, — describe an arc of a circle ; the radioa of this cirda ia the 
length which the eccentric lever must be, in order to give the raqalna 
throw to the valve. It will be evident from the inspection of thk dlayn^ 
that if it be desired to give a smaller throw to the valve than that «f the 
eccentric, it is necessary to make the valve lever shorter than the otccMlie 
lever ; and if it were desired to make the valve thrvw gn-ater than the 
eccentric throw, it is indispensable that the valve lever should be mad* pto- 
portionolly longer than the eccentric lever. If. for example, the thiw a# 
the valve is to be made twice the throw of the eccentric, then this CHI <^J 
l>e accomplished by making the valve lever twice the length of the cte«»' 
trie lever. Hence the relations between these quantities are eaprraacrf hjr 
simple proportion ; and any three being given, we can readily find the re- 
maining one. For the sake of clearness, we ahall state the varioos fonaa 
which the proportion will assume. 

First — Given the throw of the valve, the throw of tbe eecentr it ' , and the 
length of the lever attached to the valve rod, to find (be length uf the 
eccentric lever ; we have then the proportion : — 

Rt7LE. — Am the throw of the vaive is to the throv of tMt eeemtrie^ ae W Ha 

length of the valve iever to tfte length of the eccentric lever. 

If we represent the throw of the valve by T, that of the >iiifiiBHii hy 
t, the valve lever br L, and the eccentric lever by I, w« will have the 
proportion in a condensed algebraic form thus. — T : ( :: L : I; or 
taking the actual dimeusioiu in inches of the engine before aa, 4'i . 3 ;; 

9 : 6. 

Secondly. — Given the throw of the valve, the throw of the reeeatrie. 
and the length of the eccentric lever, to find tbe learth of the valve tetcf. 
Then 

RoiE. — At the throw of the eccentric I'j to the tkme ^ Ai 9^m, mmttt 
length of the eccentric lever to the length of the mlve kvtr; 

Or, algebraically, ( : T ; : / : L ; or, as before, in aotaal diaeaaia^ 
3 : 4-5;: 6 : 9. 

Thirdly. — Given the throw of the valve and the lengths of the lrvcn,to 
find the throw of the eccentric, 

RoitC. — Am the valft iever is to the eccemtrie (raw, a» ss <kc aalac Urar a» 
Ae eccentric throve ,- 

Op thus, L : / :: T ri : or. 9 : 6 : : 4S : 3. 

Foorthlr. — Given the eccentric lever, the valve lever, and the w < aairi » 
throw, to find the valve throw. 

Rtri.K. — Am IAc eeetntrie leeer v» to Ae valve lever, mo ia the ^eetmlne thrpr 
til the ivJve thrme, or, / : L : : < : T, or 6 : a : ; 3 ; 4".'5. 
We formerly explained how the reversing action of the lever* nadsavi t 
necessary to set (he eccentric on that side of the crank -shaft oeatrr narMl 
to the cylinder ; whereas, in the case of the direct valve connection, it wm 
set on the side remote from the cylinder. Having now found the "fv t «f 
ascertaining the lengths of the levers to be employed with a friren throw af 
valve and eccentric, the next step necessary is to detennioc the trw ■*• 
iition of the eccentric upon the shaft, m reference to the crank. 

Place the crank-pin in the dead point nearest the cylinder . thai k. fbn 
the centres of the crank-shaft and crank- pin in a line with the tiatia Ite 
of the piston-rod. Upon this line of centres A G, raise a p<tpea4k«lar. 
L3I. through the point F. From F draw a circle, the diaaeler «f w bith is 
e<]oal to the throw of the eccentric, and another equal to the cranked axk- 
If the levers are equal, mark off from F. upon the line of ecoifca and •• 
the cylinder side, the amount of lap, and draw a line parallel to L9i,<nBaK 
the eccentric circle in the points NO. From F draw lioea IhniMk If aai 
O to the circumference of the cranked axle. The pointa N aadO §n the 
positions of the centres of the eccentric pulleys for the forward aad hMh- 
ward gear, only one of which is necesaary for going one way. Ia aneiiae 
it is convenient to make murks at PR, as the points N and O aiw inac f si 
sible. If there were no lap upon the valve, there would be aothisf a» m( 
off fW)m the centre line L M, and therefore that line would giveihe femSaa^ 
of the eccentrici. 
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The intersections of the perpendicular A G wonld give the positions of 
the eccentrics on the shaft if ihc connecting rod vrerc iufuiitely long; but 
umsmuch as the shortness of the connecting rod introduces irregulurity, 
the true position of the crank at the oiiddle of the stroke of the piston 
mast be taken. 

If the lengths of the leyefs be unequal, as we have already s!iid, the 
throws of the eccentric and valve will also be unequal ; u.iid if the valve; 
lever 1>e the longer, as in the case we have taken, the eccenti-ic throw is 
less than th^ vulve throw in the same proportion as the eccentric lever is 
less than the valve lever : and therefore, since the eccentric throw is thus 
rless than the valve throw, hy reason of the levers, it follows tliiil the Inp, 
Iwbich we set off from F, and which is part of the valve throw, must also 
be diminished in the same propvortion as the whole throw, in order to set off 
the proper iiuantity from I'. The simplest way of ncconiplishiji^ this is, 
by marking otf the lap from the line of centres (fig. 338. ) at the point A, at 
the same end as we formerly marked otf half the valve throw. This dis- 
tance wilJ be from A to the edpe of the port, that being the overlap ; then 
[from the ed^e of the port draw a parallel to AG ; and from the {K)int in 
■which this parallel cuts the arc of the longer lever, draw a line tlirough the 
centre B, and produce it till it cuts the arc K H ; the perpendicular from 
this point to the line E A is the reduced amount of lap, which is to be set 
off from the point F. 

Another useful problem is the method of finding the length of the eccen- 
tric rod, the positions of the crank-shaft nod the weigh-bur shat^ and the 
length of the eccentric lever being given. From the centre of the wcigh- 
bar shaft, with the length of the eccentric lever as radius, describe an arc ; 
draw a tangent from this to the centre of the crunk-shaft ; front the centre 
of the weigh-bar shaft drop a perpendicular to the tangential line; the 
distance fh>ni the p<jinl of intersection to the centre of the crauk-shaft is 
the lengtli of the eccentric rod, and the perpendicular is the line of the ec- 
centric lever, when the valve levtr is perpendicular to the line of the vah'e 
rvA : this gives, therefore, (he positions in which these levers must be keyed 
iipon the weigh-bar t^liaft 

In ^(^.338. we saw that the mid-line of the eccentric rod was the same as 
the line of the piston rod ; but in./i;/. '!.'ir. it is thrown down below that of the 
piston rod, forming an angle with it, the vertex of w hich is the centre of 
the crank shaft. In this case the centres of the eccentric pulleys must, 
consequently. Ik- moved downwards as many degrees as the ceutral line. 
In order to facilitate this adjustment, we may briefly explain, that every 
circle is supposed to have its circumference divided into .'IGO etpial parts, 
called degrees ; and if two diameters be drawn in it at right angles to each 
other, they will <livide the circumference into four equal parts, each of 
^irhich contains 90 degrees. This, then-fore, is the means by which the 
Wangle is measured ; nor will it niatler, although the circle be of any size 
whatever, for it is still equally divided by the two diameters. Hence, if the 
number of degrees contained in the angle which the mid line of the eccen- 
tric rod makes with the line uf the piston rod, be measured upon any circle 
described from the centre of the erank-shaft. and the angle be laid down 
upon a board, and if from the vertex of the angle a circle be described 
l'««inal to the diameter of the crank-shaft, the chord of the arc of this circle 
intercepted between the lines containing the angle, is the distance to be 
transferred ujmid the crank-shaft, and through which the eccentric pulley 
must be moved round, in order to compensate for the obliquity of the ec- 
centric rod. In the example which we have shown in fig. 337., the mid-line 
of the eccentric rod, wht-n in gear, lies at an angle of five degrees with the 
i'line of the piston rod ; and in all such cases this line is to be taken when 
fiteference is made to the vaU-e motion ; and the piston-rod line is to be 
'taken when reference is made tt> the motion of the piston. In the case of 
Jig. 3.18. these lines were made to coincide, for the sake of simplicity. For 
further information respecting the setting of valves, we refer the reader to 
Lpages 89. and 225. 

M'gcelLtnrtiwi Ilanarks retpecting LocomotivM. — The tractive force re- 
inisite for drawing carriages over well-formed and level common roads is 
Fsbout 1^,5 of the load, at low speeds. On railways, the tractive force hsi gene- 
rally been riited at about ^ of the load, or 7 J lbs. per ton, at low speeds: but 
in well formed railways the tractive ftirce is probably less than this, lo 
■ keep the train moving slowly. The resistance of railway trains, however, 
IierMses rapidly with the gi>eed, on account of the resist.ince of the atnio- 
^here ; and the resistance occasioned hy the atmosphere may be taken at 
lolbs- per ton, with an ordinary passenger train moving at the rate of .TO 
miles an hour. The friction o(" the engine and the resistance of the rnils 
varv simply as the velocity, if the power of the engine remains the same ; 
but the resistance of the atmosphere varies as (he square of the velocity, 
and the power reijui*ite for overcoming that resistance as the cube of the 
velocity : so that by doubling Ihe s[ieed of a train, hy diminishing the load 
without increasing the power, the friction is doubled, the atmospheric 
resistance is made four times greater than Ijefore, and the power requisiie 
to overcome that resistance eight times greater. This shows the extrava- 
guce of high speeds, even if the power were oa ccononiically produced at 
high speeds, which is by no means the ease. In moderately light trains 
upwards of 50 per cent, of the power is expended in overcoming atmf;- 
spheric resi.stance. in speeds of about 33 miles per hour; and the loss will 
be greater if the trains be very light, and present a large frontage. 

We have already stated, at page 4S., that in low-pressure condensing 
^Dgines the evaporation of one cubic foot of water firom the boiler may be 



taken to represent a horse power. In high pressure engines, working 
without expansion, the mechanical eJficacy of a cubic foot of water 
raiseil into steam will be somewhat less, oa account of the resistance to the 
motion of the piston, occasioned by the pressure of the atrooftpherc; but in 
locomotive engines, where the working pressure is very high, the resist- 
ance dui' to the pressure of the atiuosph^re becomes relativf ly nearly as 
small a» lb* re8i^tauce due to the rare vujwur withiu the condenser of a 
coudensnig engine; and it ^^ill not, theret'ore, be u material deviation from 
the truth if, in locomotive engines, working without priming, we reckon a 
cubic foot of water evaporated per hour as equivalent to a horse power. An 
eugine evaporating 2(W> cubic feet of water per hour, and therefore exerting 
about 201) horses" power, draws about 1 10 Ions, at thirty miles an hour; but 
if there were no luss from the resistaiu-e of the atmosphere, or of the blast- 
pipe, and no increased friction upon ihe en^'ine from the increased power 
requisiie for high speeds, the tractive force if taken at 8 lbs, per ton would 
only require to he 7tf4 horses' power for 1 10 x 8 x 2t»4i), the number of feet 
travelled per minute at 30 miles an hour, -^3a(KJ<> = 7t»'4 horses' power. The 
friction of the train, however, at 30 miles an hour, including that of an 
engine of 200 horses' power, cannot be taken at much less than lUtbs. per 
ton ; for the friction of an engine increases with the power exerted, which 
determines the pressure upon its moving parts ; and the friction of the car- 
riages is als'> increased at high speeds, in consequence of the draw-bars 
being attached below the centre of efl'ort of the frontage exposed to the 
wind, whereby the carriages aie pressed down more firmly on the rails. If 
the traction be taken at lulbs. per ton, then the power requisite for propul- 
sion of a train, setting aside the resistance of the atmosphere, will lie about 
90 horses' power, and the renuaining II horses' power is absorbed in over- 
commg the resistance of the atmosphere and of the bla.si-pipe. If the speed 
W increased from 30 to 60 miles an hour, about 2<IC» horses' power will be 
required for overcomliig Ihe friction of the train, and 880 horses' ijowerwill 
be required lo overcome the atmospheric resistance ; making 1,080 horses' 
pciwer, which will be necessary to propel a train of 1 10 tons ut M miles an 
hour. The evaporation of a locomotive boiler is greatest when the speed 
is at its maximum, as the blast-pipe then prodLices its greatest effect i and 
the power of the engine varies nearly as the rate of evaporation, provided 
the blast pipe be not unduly contracted. At ordinary railway speeds the 
power of the boiler is seven or eight times greater than it would be without 
the blast, ihough, indeed, such a comparison hardly holds, as withinit the 
blast the fire of a locomotive boiler would not draw at all. At a speed of 20 
miles aa hotir, a locomotive boiler boils off from 10 lbs. to 14 lbs. of water 
per square foot of heating surface, and the rate of evaporation varies nearly 
as the-^'of the speed. The evaporative power of various kit;ds of boilers 
is given at page Bl. * 

The adhesion of the wheels upon the rsils is about one-fifth of the weight 
when the rails are clean, and either perfectly wet or perfectly dry ; but 
when the rails are half wet or greasy, tiie adhesion is not more than one- 
tenth or one-twelfth of the weight. The weight of locomotive engines va- 
ries from 1^ to 20 tons. A powerful locomotive engine and tender, such as 
is suitable for high speeds, will weigh about 25 tons. The consiuuptioa of 
power by the Iwouuitive itself is very great at high spheeds, chiefly in con- 
sequence of the rosi.stance occasioned by the blast pipe to the free escape of 
the steam, Mr, Stephenson considers that, at ordinary railway speeds, a loco- 
motive engine will absorb as much jwwer as 15 louded-carriages, weighing 
60 Ions ; so that in a train of 15 caniages, half the {nrwer is consumed hy 
the engine. These determinations, however, are all xcry indefinite, and 
experiments are yet wanting to show the power pn>diiced and consumed by 
locomotives under different circumstances. Locomotive engines cost from 
IfiiWl. to 2,200/. each. They run, on an average, about Vil) miles a day, 
at a cost for repairs of about 3|(/. per mile ; and the cost of locomotive 
power, including repairs, wages, o'tl, and tallow, and coke, may be taken at 
6(/. per mile, on economically managed railways. This does not include a 
sinking fund for the renewal of engines which may be worn out, and which 
may be taken at 10 per cept. on the original cost of the locomotives. On 
second class railways the expense of liM-oinotives, and workshops, and tools 
fur repairing them, may l>e set down at 2,t»*)<i/. per mile. 

If D be taken as the diameter, and A the area of the cylinder, the pro- 
portions observed by many makers of locomotives may be represented as 

follows: — Blast pipe,-^ ; porta, — i diameter of crank axle, ;^:^ ; dia- 



meter of cnmk p'm, 



2-36 



9 
diameter of steam pipe, 



D 
2-75 



3-25 
i or area of steam 



pipe, =3, The dimensions of locomotives may be further illustrated by an 

ennmemlion of the chief sizes of a four and of a six- wheeled engine of modern 
construction, and we shall select for this purpose a four-wheeled engine hy 
Mury and a six- wheeled engine by Gooch, both in use upon the South 
Western Railway. The sizes belonging lo the four-wheeled engine are 
distinguiibed by the letter B before them, whilst lo those appertaining to 
the six wheeled engine the letter G is prefixed : — 

Diameter of boiler inside, B. 3 ft. I J in., G. 3 ft. 4 in. ; length of boiler, 
B. B ft., G. B ft. J thickness of plates, B. -f^ in., G. j^ in. ; number of longi- 
tudinal stays in plates, 'J in 6-wheel ; number of tubes. No. 14. wire-guage, 
86. 4 wheel ; and 1.33, fi-wheel engme ; length of tubes, II, S ft. 3 in., G. 
& ft. 4 in. ; pilch of stays ia fire-box, B. 4 in. G. Si in. ; length of uut- 
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■ide flre-bos, B. 9 ft 3} m., G. 3 ft. h\ m. ; breadth of ontcide fire-box. B. 
4 ft- <>| in., U. 4 ft. S] in. ; depth below boiler, B. I ft. 8 in., G. 1 ft. 6 in. ; 
kfiirht above boiler, B. 1 ft,, G. 7 in. ; length of inside tire-b<.>x, B. 2 ft. 9 in., 
G. 3 ft. ; breadth of inside fire-box, B. 3 ft. 7 in., G. -3 ft. C ^ in. ; thickness 
at oopjjer plates, G. \ in. ; thickness of tube plate, B. \ in.. G. \ in. ; from 
bottom of box to tup nf bars. B. 4 in., G. 6 in. ; ft'om bars to crown of box, 
B. 3 ft. 6 in., G. 4 ft. 2j in. ; length of smoke-box between plates, B. 2 ft. 2 in., 
O. a ft. 8 in. ; breadth of smoke-box outside, B. 3 ft. 3 in., G. 4 ft 1 in. ; 
thiekncM of plates fur smoke-box, B. ) in., G. \ in. ; diameter of chimney 
iaside, B. I ft., <i. 1 ft. 2 in. : height of chimney from rails, B. 13 ft. 6 in., 
G. 13 ft. C in. : diameter nf steam dome inside, B. I ft. ') in., G. 1 ft 9 in. { 
height of steam dome inside, B. I ft. 4 in., G. 2 ft. !^ in. ; diameter of safety- 
valve, B. 31 in., G. 3^in. ; diameter of steam pipes inside (No. 14.), B. 
3^ in., G. 4 \n. ; diameter of branch pipe*, B. 3 in., G. 3{ in. ; diameter of 
top of blast pipe, B. aj in.,G..3i in. ; diameter of cylinder, B. I ft., C. 1 ft. 1 in.; 
loglh of «roke, B. 1 (t 6 in., G., 1 ft. 6 m.; length of steam ports, B. 
6 ia., G. IO| in.; breadth of induction. B. \\ in., G. 2^ in.; breadth of 
rdoction, B. 1 in., G. l^in. ; thickness of bridges, B. I in., G. { in. ; lead of 
Talres, B. A in., G. ) in. ; lap of valres, B. ] in., G. I in.; distance between 
centre of piston and valve spindle, B. 1 1| in., G. I ft ; thickness of piston, 
B. 3] in.. G. 4 in. ; diameter of piston roid, B. 1] in.. G. 2 in. ; diameter of 
Taire sp'mdle, B. 1 in., G. 1| in. ; diameter of pump ram, B. 1] in., G. 2 in. ; 
diuneier of clack balls, B. I \ in., G. 2 in. ; diameter of feed pipes, inside. B. 2 
in.,G. 2 in. : diameter of driving wheels, B. 6 ft. 6 in.,G. .'ift. 6 in.; diameter 
of leading wheels, B. 4ft..G. 4 ft; diameter of railing wheels, G. 3 ft. G in.j 
diameter of crank axle, B. 6 in.,G. b{ in. ; diameter of crank bearing, B. b in., 
O. .M in. ; diameter of inside bearing, B. 5 in., G. b\ in. ; diameter of outside 
bearing, G. Z\ in. ; diameter of bouea of driving wheels, B. 1 ft. 6 in., G. 
1 ft. 9 in. ; diameter of bosses of lending wheels. B. 1 ft. 2 in., G. 1 ft. 4 in. ; 
diameter bosaet of trailing wheels, G. 1 ft. 2 is. ; length of bearing of 
asieii, B. 7 in., O. 7 in. ; diameter of axles, B. 4} in., G. 3^ in. ; diameter 
of the bosses of axles. B. 7| in. ; thickness of the bosses of axles. B. 6 in. ; 
brradth of outside fVame, B. 6 in., G. 51 in. ; length of outside frame, 
(a. 17 ft. 3 in. ; defrth of outside fVame. G. 7g in.; thicknesa of outside 
fninie, G. 3j in- ; thickness of frame plates, G. { in. ; thickness of horn 
plates, B. I m., G. } in. ; lenglh of driving springs, B. 2 ft. 6 in., G. 3 ft. ; 
breadth of driving Kprings, B. 4 in., G. 4 in. ; number of plates in driving 
springs If), 4-wheel ; and 14, 6 -wheel engine ; length of leading springs, 
B. 2 ft C in.. G. .t ft. ; breadth of leading springs, B. 4 in. G. 4 in. ; num- 
ber of plates, 13, 4-wheel; and 12, 6-wheel engine; length of trail 
springs, G. 2 ft. 6 in. ; hrvadth of trail springs, G. 3| in. ; number of plates, 
|i). 6-whc«l engine: diameter of eccentrics B. 11) in., G. I ft. O^tn. ; 
breadth of straps for eccentrics, B. 2 in., G. 21 in. ; throw of eccentrics, 
B .'1^ in., G. 2 in. ; diameter of weigb-bar sitafts, B. 2) in., G. 2| in.; 
diameter nf reversing shaft.v B. 1] in., G. 2J in.; diameter of journals of re- 

iTersini; thafts, H. t{ in.. G. 3| in. ; length nf journals of revernng ahafts, 
B. 2 in., G. 2^ in. ; length of valve lever, B. '\ in., G. 8| in. ; length of 
rccratric lever. B, 7J in., G. 7^ in. j throw of valve, B. SJ in., G. 44 in. ; 
length of eccentric rods, B. hlx. 8| in., G. 4 ft. 10 in. ; diameter of ferules 
for c<'centric rod*, B. 2 in., G. S| in. ; length of connecting rods, B. 6 ft., 
G. 4 ft. 7) in. ; length 6{ reversing levers, B. 1 ft. 9 in.. G. 1 ft. 6 in. ; 
length of lifting lever, B. 6 in., G. 1 ft. I in. ; distance between motion 
b«r», B. (>\ in., G. II in. ; diameter of cross-head bearing, B. 3 in., 
G i\ in. ; diameter of cro«s-head bearing in slide blocks, B. l{in., G. l]in.; 
li-nzih of slide blocks, B. 7 in., <•. 7 in. ; breadth of slide blocks, B. 2 in., 
M. i\ in. ; depth of slide blocks between bars, B. 2^ in.. G. 2^ in. ; depth of 
biitt of connecting rods at large ends, B. 6 in., G. 9 in. ; depth of bntt of 
c<Mtuecting rods at small ends, B. S} in.. G. i in. ; breadth of butt of con- 
•Mftiac rod at large ends, B. 2| in., G. 2^ in. ; breadth t>f butt of connect- 
ing Toaa at small ends. B. 3 in., G. 3 in. ; diameter of connecting rod in 
•enire, B. 2| in., G. 21 in. ; breadth inside between frame, B. 3 ft 3] in., 

[ O. 4 (t 3 depth of inside frame, B- I ^ in., G. 9 in. ; thickness of inside 

il^me, B. 4^ in., G. 4( in ; width of horns for reception of axle box, B. 
1^ in.. <i. 9 in.; depth nf axle-boxca outside, G. 8 in. ; depth of nxle-boxes 

~tiuidp. B. 9 in., G. l!il in. ; distance from centre of crank to fire-box, B. 
I ft. 4| in., G. I ft. 31 \a. ; distance from leading axle to trooke-box, B. 
t ft. 4( in.. G. I ft 2 in. ; distance fkxim crank to leading axle, B. 5 ft 6 in., 
G. 5 ft. 1 1 In. i distance from crank to trailing axle, G. 6 ft 6 iiL 



Economy of f\iel in locomotirea n materially promoted by vorkiaf t%- 
pansively ; but all attempts at ecouomiiing ftiel in locomotiven shooJd tcaia 
with an iocreatie in the area of the lire grate, so that the power of the ui^w 
may not suffer so lar^e a diminution by the creation of the nrrriiy dllA. 
It is a monstrous thing that half of the engine power should be diMiHtii 
upon the blast-pipe, as in high speeds appears to be the caae, and iiini ■■ 
this power might be saved by enlarging the grate surface and the ma of A* 
tubes. It appears to us not improbable that combined boilen with mfAf^ 
tubes, of the kind represented in page 68., will erentoallir be iatnidaoed Ikr 
the purposes of railway locomotioo. Several of these bouen ooold be c«B> 
bined in a single locomotive, each bein^ furnished with a short flowHl fcr 
itself, and any amount of grate surface might then be used (hat is eoaeUand 
desirable. Boilers of this description, it is tme, have tha diaadTiat^i «f 
being tup heavy, but the tubes might be made short, and the depCk of cak* 
upon the bars would not re<|uirc to be nearly us great as at prtwai, aa iWl 
these upright boilers would not require materially to exceed in heigbl tk 
steam domes of the existing boilers, which rise to a height of 7 feet abo«« 
the fire bars. In the fire boxes of existing boilers, it may be an improw- 
mcnt in some cases to zigzag the bars, so that their ends sliall prratat tW 
appearance of the letter w, and the bars which are loweat down ahoaU ha 
the widest asnader, as they have the greatest depth vS eoke B|iaB tbtt^ 
and therefore the air will experience tbe most dittcolty ia MOeaAaf is 
that situiuion. There is no saving of heating sui&oe aeeompIaalMd bydn 
existing construction of locomotive boilera ; and all that is guncd by tW 
use of the blast, is, a saving in the area of fire grate, which, « tth a didrnai 
construction of boiler, might be obtained with a diminHtiun in the we>|ttUf^ 
looking to the effective power of the engine, — and with a mutt imfontt 
saving of fuel. The tubes may be the same in number and ana,— kM 
instead of being set at the end of a furnace that requires to bo Cofcvd «>■»■ 
sively, they may be cut into two or mon.- portions, each of wbsck b Mt'snMV 
a fire. If the faggot of tubes be cut iuto 4 lengths, and each leagtll b*Hi 
over a fire of the same area as the original fire, it is clear that the *M »e A m 
heating surface n^maius the same, while the area of the tubars ia ^HTmBt 
made four times greater, whereby smaller tubes may be etiipto) ed. Tha aaqt 
addition to the weight, is that of the fire grates and of the additioaal tails 
plates, while the resistance occasioned by the blast will be so mack 
diminished, that at high speeds the engine will exert nearly twicir A« 
power it exerted bi'fore. At present the sixe of the tubes caaaM W 
dimiaishiKl to the extent that might be desirable, as the total ana woald be 
also diminished, whereby the resistance to the hot air paasong tkraim;k tke 
tulK's would be increased, and a stronger blast become Becessair. teaB 
tubes also become choked up with the pieces of coke carried latn iksM 
by the draft, and are rapidly worn internally trom the frictioa flf ikt 
cinders, and at the ends, especially in the centre of the fire box. fkva tlnr 
impact of the flame ; but if the fierceness of the draft were nodenatd the 
whole of these evils would be cured. 

Every locomotive engine should be fnraished with dBcMM tlpm*^ 
apparatus, of some kind or other ; as, setting aside the aeoooBy vt tad 
aoeoinplishable by expansion, it is clear expassiaB acta baaaiddDy by 
diminishing the weight of the boiler, which may be made smaller at as s ty 
increase of the efficiency of the steam. When the draft is stroog a (Ml 
loss of effect is caused by opening the furnace door, frnm the refhgufliaa 
due to the large volume of air admitted; and it would be a auHriat m- 
provement if the furnace could be fed by some such mecbaaini as Iht 
revolving grate described at page 53. The use of sedimeiU '•""h^^ li 
locomotive boilers also appean expedient, as, if judieiooaly »ffUtd,lkrj 
will effectually prevent the formation of scale npon the CnbeSi aad viO aiss 
operate as an antidou* to priming in many cases. Sediment coUaalDn. s^ 
plicable to land and marine boilers, have been delineated and dsaevihB^ m 
pages 69. 77, 78, 79, and BO. The form of collector best iitapaw! ftr a 
locomotive boiler, will depend in a great measure upon the |ivcatiar sira^ 
lure of the boiler ; but generally any form will answer which comaaaiaaa 
with the water level, and contains water within it in a tranquil siaBa 1W 
V shaped cuts for estuliLLshing the communication between the esMrteaai 
interior of the vessel, have been found preferable to boles of oy stfcer 
form ; fi^r a subsiding particle, so soon as it Calls in a slight dafKa, p» 
behind the case ot the collectiog vessel, and caooot aftcnraida saovsk 




MANUFACTURE AND MANAGEaiENT, 



TiiK best !iitU!ition for an extensive cnjjiny factory, intended for the jiro- 
(iuccion nf marine and Ifwoniotivc, as well as of lam) engines, appears to be 
in a rial and iron district open to the sc-a, and afif-arding easv means of 
inland transport, both by railway and canal. Large towns are not eligible 
sitnations for such engine works as depend more upon the production of 
new articles than the reimir of old ones ; for in large towns the cost of 
subsistence is greater than in secluded districts, and the wages of the 
operative must be higher to purchase the same amount of comfort, or else his 
conifiirts musi be diminished. In rural gitoations, too, the working popu- 
lation need not he crowded into the narrow compass they ore comptUod to 
be content with in large towns: every man may have a separate house, and 
every house may have a garden ; and a guarantee is acquired for the sobriety 
and good conduct of the working man in the comforts with which he is 
surrounded, ilen are migratory and in)eni|>eriile because their homes in 
large towns are such as to be necessarily dista£teful to them ; and a factory 
aspiring to have skilful and respectable men, should be prepared to make 
some sarrifice towards promoting the improvement of their sociiil condition. 
A rural factory is the best adapted for carrying these views into effect ; 
and, by selecting a coal and iron district, tlie eipcnse of transiKirting these 
materials to the seat of inanufactttre it saved. The place selected should 
be open to the sea, so as to enable vessels to be freighted with machinery 
intended for distant places at a r|UBy alongside the works, and also lo 
enable iron steam vessel* to be fitted with their engines without requiring 
to send either men or materials from the factory. The paddle wheels and 
the boilers of marine engines cannot be carried by canal without great in- 
convenience ; and it is only by so placing the factory that vessels can come 
up to its quays, that expense and inconvenience from such sources are to be 
avoided. A yard for the construction of iron ships again forms a very 
natural appendage to an engine factory ; but such an appendage cannot 
exist unless tlie locality chosen be open to the sea. 

But although we consider the sea coast of a coal and iron district to be 
the best situation for an extensive engine factory, we do not conceive that 
the supreme direction should be located in so secluded a place. London 
should be the head quarters of the management of English factories, I'lecause 
there the best orders are to be had, and there the improvements of the age 
concentre. Obscurity is more lil(ely to overtake a provincial engine 
factory, if it be not well represented in London ; and the persons giving 
orders for engines generally de.sire to confer with the managers, who must 
be at hand to make such interviews poKsihle. In Loudon the plans must Imi 
fixed and the drawiags made, and! they can then be sent into ihe country 
for executtcm. This, we believe, is the method pursued by Messrs. Boulton 
and Watt, whose engines intended for the I^mdon market, though manu- 
factured at Soho. near llimiinghani, are. we understand, designed by the 
members of the firm resident in London, whereby Messrs. Boulton and 
Watt combine tlie advantages of metropolitan representation with rural 
manufacture. In such cases it appears expedient to have o small factory 
upon the spot for repairs : Messrs. Boulton and Watt have a huJk for this 
purpose, fitted up internally iis workshops, and provided with shear legs for 
moving heavy weights. In the Mflection of a metropolitan workshop for 
the accomplishment of repairs, much must, of course, depend upon the ex- 
tent and precise nature of the trade. If contracts exist for the repair of 
locomotives, it appears expedient, in the ])reRent condition of metropolitan 
railways, to repair the locomotives of each railway in a. workshop on the 
line ; but such would no longer be the case if a suburban railway were to 
be made, connecting together the different terminL In that case the whole 
of the repairs should be executed in one factory, and that factory should 
be so situated as to be available for the repair of steam vessels as well as of 
railway locomotives. In such a factory it would be desirable to have the 
addition of a foundry and forge hammer, hut, under other circtimstances, 
it would be preferable to dispense with such aids, as loo powerful for the 
occasion. 

To make money by the fabricattoD of engines, it is necessary to manu- 
facture and not to make them ■, and those persons generally will make the 
most money who ore content to look upon the business as a trade, oad not 




OS a profession. A certain tvi>e of engine should be adopted and preserved 
without alteration, until it becomes so antiquated that |)eople will liave it 
no longer. To the production of this form of engine the various tools must 
be adapted, and tools may be devised to form the several parts with the 
utmost exjictitude und rapidity, and with the smalle^^t prissihie atiunmt of 
manual labour. The production of engines under such circumAtances will 
become a manufacture, and will be attended with the same results, both in 
the cheapneps of the process, ond the excellence of the product, as in the 
cose of weaviing or spinning by steam instead of by hand ;mwer. To pro- 
duce engines cheaply, and of good quality, tools must be employed which 
are not only qf great capabilities, but which are s[>eeificaliy adapted to the 
end in view ; but it would not pay to cotistruct such tools for the produc- 
tion of only a few engines ; and as the tools can neither ha changed nor 
discarded without loss, it is necessary lo persist in tho manufacture of the 
same description of engine as long as possible, or until the savings from 
the use of the tools employed have covered their expense. 

It is impossible for us to give any general rules for the construciion of 
factories., for much depends u|>on (be kind and extent of business contem- 
plated, and something also upon the situation, it is must imp<irtaiit, how- 
ever, that a factory should bi- so easily accessible, both by water and by 
railway, as to obviate heavy expenses for carriage ; and it may for the 
most part be concluded, that a factory is ineligibly situated which requires 
to spend anything in cartage. In some cases the expense of carriage is so 
great, as to constitute a considerable per centoge u[ion the capital invested-, 
and, unlike most other errors, the necessity of cartage, from the badness 
of the situation, is an error that cannot be retrieved. Abundance of water 
is a good feature -, and, in most coses, a promontory or peninsula in a har- 
bour or river will be found to be an eligible locality But we fear these 

directions are of too general a character to be of much utility ; and we 
shall, therefore, give a description of a factory such ba would be suitable for 
the manufacture of land, marine, and locomotive engines, with a yard for 
the construction of iron ships ; and though not suitable for every case, it 
may serve u a type, to the features of which other factories may be made 
to conform. 

At right angles with the shore, a long wet dock extends into the Und, 
bounded on the left hand with a parallelogram of buildings divided cri>ss- 
ways into tliree squares. In the first of these squares, and facing the 
shore, the entrauee gate is situated ; and at the oppa>iitc side of the sijuare 
is the fitting shop for the heavy engines. Adjoining the gate, on each 
side, are offices and warehouses, and the dwelling of the manager of the 
w orks. On the left -bond side of the square is a range of buildings, on the 
ground floor of which the planing and boring machines, and other heavy 
tools are set, and in the superior stories are small lathes and finishing 
workshops. On the other side of the square is a range of buildings, the 
ground floor of which is devoted to the titting together of locomotive en- 
gines; above this shop the pattern shop, and place for keeping the patterns., 
are situated. This completes the first square. The second square is larger 
than the first, and is bounded on the front by the fitting shop, which se- 
parates it from the first square, and at the bock by the foundry. The 
sides of this square ore occupied by smiths' shops, by l>udy makers' shops 
for the construction of locomotive carriages and woggonii, and by painting 
shops, in which the carriages are painted, stuffed, and finished. All these 
buildings ore only of one story, are turned with their gables towards the 
square, and are lighted from the roof. Kails are laid across the square, 
with turn-tables at suitable intervals, so that any carriage in any one shed 
may be easily shifted into any other. For the body makers, lathes and 
circular saws, driUing and mortising machines are provided, so that the 
only manual labour required is to put the parts together. At the end of 
the range of smiths' shops, the rolling mill and forge hammers are placed. 
The smiths' fires are most conveniently blown by a fan-blast. The forge 
hammers are worked by means of the atmospheric pressare, which also 
drives the machines in the boiler shed, and appears calculated to super- 
sede, in many cases, the usual modes of giving motion, to machines. Be- 
hind the foundry the third square is situated, and its chief use is to hold 
the foundry boxes -. the sides of this square are occupied by shops for the 
brass founder, tbe copper smith, the maker and mender of loam b<iards 
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Mamtfaeture of Engines. 



Irf aailk, toe-, and a plac« is aUo proridcl for the dav milL In 
ic ^ Ac a^are U a tnangle for breaking iron; the back vvd of 
n ia ItA vaeant. to fiicilitate future additions. 
■B dM wet dock and the side of these squarea of baildiDg. is a 
sqgade which vesscb lie to pet itt their eoginea ; the end of the 
■9 ia 1niii«d to this quaj. Instead of cranes in the fittiug &ho}i, 
tnteOing on beams, such as are now generall)' employed by 
■■Haib Bv ctt^OTed, and these beams extend through the end of the 
hmm awl acTMa the quay to the dock, so that a piece of maehiner>' may 
hB Bfted in tlie fltting-«hop and deposited within the vessel in the dock, 
widHMt llw necessity of any intermediate process. To support the beams 
CTjia g the travelling winches outside the house, pillars stand on the 
dge of the qaaj, and the portion of the beams which hang over the quay, 
■• McaitJj tnuaed by means of iron rods. The roof U continued along 
«*er tlw beanu, both to give increased strength and to protect tlie work- 
mat from the wet, when putting engines on board. 

Oo the opposite side of the dock is the boiler shed, and in continuation 
of it is the building >ard. Ttie boiler shed is a very large structure ; it 
contains smiths' shops for preparing the smith work necessary for boilers 
~i inm ships, and is provided with rivetting and punching machines, and 
'otfaer necessary implements. The boiler shed is lighted from the roof, and 
the boilers ore lifted by means of a travelling carriage running on beams 
near the roof, arranged as in the fitting shop, and similarly projecting over 
the dock, so as to put boilers on board. The whole of the roofe arc made of 
iron, which are as cheap as timber roofo, and greatly preferable in every 
way. A railway runs round the dock, and doors open to the wharf from 
the foundry, carriage shop, and locomotive shop -, so that any heavy article, 
whether engine, boiler, Itxomotivc, railway carriage, or casting, may be 
set either on board ship, or on a railway, without incnrriug the trouble 
and expense of intermediate removal. 

In the tools employed in the construction of locomotives, great improve- 
ment may be introduced ; and in settling the particular plan of lacomotive 
to be adopted, reference must be had to iiicilily of manufacture. The 
prtaent metbod of ooaatructing iron ships is rude and primitive. If a form 
of vessel be fixed upon for which a mathematical expression rosy be found, 
a machine m.iy bo contrived (bat w ill l)enil the ribs to the right curve and 
bevel, and al*ii> l>enil the plates to the right shape. 'I*be plate with thick- 
ened edges, introduced by Mr Fairbaim, appears to afford the greatest 
facilities in the manufacture of iron shipt : and if machinery lie introduced 
that will form the parts accurately, it will be possible to make large piecea 
of a ship by means of the rivetting machine ; and the only baud laboor 
that will then l>e re<|aisite, will be that necessary for fastening thwe pieces 
together when put into their places. A rivetting machine, however, will 
probably be invented, that will rivet the jmrts iu their places; and if the 
nramea be accurately punched, and accura:cly set, the application of snch a 
machine does not ap[H-ar to l>e difficult. Two strong rollers might be 
ude to travel up on the frame to which the plate to be rivetted had jnst 
been applied, and these rollers, if suitably fanned and suitably directed, 
woold siif&ce to accomplish the rivctiiuit opcntion. To guide the rollers, 
a carriage with four wbevU. "f which the riv.-tting wheel wa« one, woald 
luvf to oe applied upon Iht* inxide or the frame; upon this carriage a small 
I^Uader would W set. c<mnrctc-d w ith a vacuuui pipe by means of a flexible 
jtohe, and so soon as the cylinder was pui iu oiK;raiion the carriage would 
sonnt up on the fraukr, the wlievl* of the carriage being armed with pro- 
'Jecting spurs to enter th» rivet h>iles, and thus enable it to advance. Such 
an instrument would not be applicable, either at the extreme how or the 
extreme stem, on a<-caunt of the curves there to be met with : and th^ bow 
Utd stern wciuld eilhrr Itiri.* to V plated by hand, or to be formed aepa- 
ntelj by the ordinary rivottini; niai'liiiie, and to be then put in their placet. 
For strong ^euds wiih lUitk pUiet machine rivetting is especially desir- 
able, aa, with the force iinpart<>d by hand rivetting, it is difficult to make 
the rivrU fill the hoW 

The loose system punned in some fiictories, of allowing the inferior 
foremen or workmen to fix the shape and dimensions of cocks, bolts, and 
nther subordinate parts, is one likely to lead to much confusion, and is 
not to be commended. Every thing should be drawn in the drawing- 
oiBof, even the spann* j .e-cocks; and for any misfit, 

the pwaoe who baa m > l be responsible, provided bis 

dimearioM haee been t .. J. ,:. .^..^ l>o the part of the foreman not 

to dnigo potlMMM of the work, but to see the work properly executed ; 
aaA BO ftrtman thotild be permiti< d to alter or add to a drawing on any 
aoooont whatever. Should he p««n:eivc any mistake or omission, he should 
eooM to the drawing-oflice to have the requisite alteration made, but should 
aot be anScred to make ii him«elf. It is only by a rigorous adherence to 
1^ plan that mistake* and confuiiion are to be avoided, or that an accurate 
Neorl eaa be kept of the work which has been done. The practice with 
tha Loodra engineers t* to make their working drawings to a scale of I] 
lachaa to the foot,— r»'piv*entinjr p...ii..ii», liowever. ofsuch parts as the top 
•ad* of the side mdt, buttoni of - rod, &c., of which the form 

eaaaot readily be found from thr i . nt« of a mle, of the full »ise. 

The drawings arc Axed upon hoards, and >iirni»hod S4^ as to preserve them 
fWim the effects of grra<M> -. nn-l a \*t\^* of w<kkI is naili<d round the edges 
to keep them down, sn / from being rubbed when the 

L^Mris are pHed one m\ i drawings should be given to 

^1h« foreman of the erevims tnvy, nxn mi the ceDirta marked in their 



proper pUces ; and the size should be given to which the cylinder ia la !• 
c(M(, as well as the siite to which it is to be Imrttl. Every creelor akarfi 
have a box for holding his hammers, chisels, and files; and rrerr laidMr 
8 drawer for holding his tools. Steel straight edges are prMeiaUe la 
wooden ones for roost purposes, and the ditferent worksbopt afaooJd W 
supplied with them. All to<ils going out of the factory shnnld be weighed, 
and weighed again when they ore brought back. It will grnermlly he 
found the best economy for factories to make their own gaa. and all the 
workshops should be wtdl lighted, so as to save candle*. FIcuhIa tahia, 
fitted at toe ends with heavy candlesticks, will be necusary to aafiyly gaa 
for the erectors. 

To make the mairafacture of engines profitable, it ia ni uaiaijf 1e he 
able to get good orders, and to be able to manufiicture ohesplj. Ordtn 
arc most easily got by makers who have a iiamc : yet a name ia aot Ib aO 
cases of itself a sufRcient attraction, and other allurerocnls tauat he pre- 
sented. The ability to give money accommodation will, in many osao^ 
establish a preference, but the chief reliance should be placed apoa the 
activity of the managing head, who, with competent engineeriag kaa»> 
ledge, should be a thorough man of business, and whose function it aimaU 
be to agitate unceasingly among the persons likely to reqnin au^BM 
made. In fixing the plan of engine, the highest scientific attBiaaai^ 
should be put in requisition ; but the plan once fixed, the prodoctina ti 
engines ceases to be a profession, and is as much a trade aa b«iiUiitg m 
weaving, and, to be profitable, rontt be pursued on the same syslca. A 
fastidious taste, or a wavering disposition, are only barriers lo 
mercial success ; and those will make roost money who, iniirail ( 
ing themselves among superlative refinements, will look ehtefir ta gMB^ 
the work done. Improvements have their price as well as th^ raca^ 
pence, and, to be profitable, they mnst be introduced at rare ioMrfalm aad 
then only af^cr they have been satisfactorily tested, so that their SDCceas ia 
certain. In their designs and their model experiments, engineers may he 
as revolutionary as they please : but a manufactory should be a c«niarr*a(S*e 
institution, and can never be made profitable amid perpetual chsBiliiL TW 
form selected should be preserved intact until the accoandBliaS «f B>w 
improvements is such as to justify and compel the introdtietkM of WMlhar 
combination, which should in its turn be retained until a new etop dt o^ 
provemcnts has been raised equal in value to the former. MaaBfreiBiB 
18 thus reconciled with progress ; and the alternative is averted of laiiaia 
and expensive production, or a gradual lapse into antiijnity. 

The moat important element of pro«:perity. however, In the mndMt af 
&ctories that we can discern, is that of miikiDg the workmen rmplajaid 
participators in the profits realised, whereby their enei^es art ctfacMi^ 
enlisted, and their ingenuity stimulated to the device of ehcapar BMlkaM 
of maou&cture. If this innovation be generally carried into meel. anAaa 
will become impossible ; and the bgenuity of the workmen, at prcsaot a 
benren field, will spring up into new forms of life and prnduotireocM. TW 
collective inventive genius of the operative classes is a mine of i 
wealth, and will at once be rendered available by making it tJia ! 
of the workman to plan cheaper methods of manufactttre. The maaafve 
of factories are generally made participators in tbe profits mliacd. aad the 

roost beneficial results have sprung from the arranp ' it the prta- 

ciplc has not been generally extended to the worki: i reten* «s- 

perimenta show that, in their ca.<;e, it might be :!; , -^ u e^ml ad- 
vantage. M- Leclaire, a house painter in Paris, ha* for some ysan made 
his workmen participators in the profits of his estabt'iahmcnl : aad, (a a 
pamphlet recently published, he speaks of the lysirm in the highest terms 
of praise. Lord Wallscourt has long pursued a similar plan ia the rsM- 
vation of his estates in Ireland, and its operation has oeen aaeh a- 
stimulate the supine Irish peasant into active industry, aikd to shed \ 
perity and gladness over a district that was formerly the shode of fsjuiM 
and despair. In reply to nnr inquiries, l.<inl WalUcoart says, "I hase 
tried the plan for seventeen yearv, and have found it to answer much ha> 
yood my hopes ; inasmuch aa it completely identifies the wurkateo widb 
the success of tbe farm, besides giving me full liberty to travel oo the 
continent, for a year at a time, and upon my return, I have always foaat 
that the farm had prosperi-d more than when I was present.'' Lord Wa||^ 
court's practice is to reckon every workman as the investerof aa maeh 
capital as will yield, at five per cent per annum, the sum paid la him ia 
wages. In a factory conducted on this principle, the capital rmUie Iv 
the erection of the necessary works, and for carrying the baaaaas o^ 
would be regarded in the light of a debenture, upon which a Mit^ttiH im 
of interest to cover the n^ks would have to be paid, before any |ircAB 
could be divisible among the workmen; but a certain rate of w«g«i wmdl 
be secured to the workmen as a minimum, whether there were prodlssr 
not Tbe profits might be divided every year : and, to avoid a paniH*^ 
ship transaction, might be distributed as gins instead of profit^ wbcnfel^ 
too, any workman discharged for misconduct woold have ao Amlar awa 
upon the establishment. This is the plan pursued both by liord WaBaraan 
and M. Ijcclaire, and we have their testimony to show that it'ia is every 
respect satisfactory. 

It is clear that the principle of a fiiir diviaioa of proftts s^j ^^ft snu| 
aspiration of industry. Machinery, instead of being the coawtitor nf ths 
working maa for subsistence, will, so soon as this great ariaofde gaiaa a 
effectual introduction, be his assiduous sUve. If mstiliiaerjl ploagh^sr 
spins, or toils in the mine, it is for him that it will peribnn thaw haaaiaaai 
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iilMnn; and whatever benefit the introdaction of machinery brings, be 
ill participate in it in a fair proportion. Every intellectual capacity vill 
'be brouftht into incrvawd exercise; invention will be siiuuilated, and 
improved miidi^s of construction will be devised. We own we think that 
even si.x hours of work in the day would be enough ; for with good ma- 
linery, efficient direction, and fiuch activity as must arise when men are 
lade participators in the profits arising from their labours, br much work 
may be done in six hours as in ten or twelve honrs according to the pi%- 
sent system. 

tjuch. then, are the chief considerations which suggest themselves to us 
in connection with the manupement of factories. 'J'lic factory should be 
commbdiously situa'ed, and should aim at the production of large quan- 
tities of the same kind of work, so that the requisite tnols and appliances 
may be introduced to make the produciion a manufacture, and the men 
will only have tasks to perform with which they have long been familiar. 
So soon as the plan is settled, all conxiderations of scientific excellence 
should be dismissed, and the work should be conducted as if the only 
object to be considered wfre the production, at the cheapest rate, of certain 
hundreds of tons of finished castings and polished smith work. l)f course 
(Quality muat not be sacrificed iu the aspiration after cheapnesB; but the 
quality being fixed, the question is how to produce the articles required 
at the cheapest rate. We believe iliai the adoption of the principle of 
dividing the profits with the workmen, will add to llie employer's gains, 
and diminish his anxieties ; while to the workman it will bring such ame- 
liorations as will at once place him in his true position in society. With 
the termination of the existing system, the strife now fiiibsisting between 
masters and men must cease, and they will be knit together for the future 
by an identity of interests, which will gradually grow up into a mutual 
confidence and regard. 

WANACEUKNT OF CHGIKB8. 

We have already, at page 203., given directions for the management of 
the pumping engine, and as the management of the rotative mill engine is 
identical with that of the murine engine, we shall restrict our remarks under 
this head to the subject of marine and locomotive engines. Marine engines 
re<iaire more intelligence (or tlieir managenkent than any other description 
of engine, partly in consei^uence of their great size and complication, and 
partly on account of the serious consequences an accident may entail, if the 
vessel be at the time in a critical situation from stormy weather or adverse 
winds. On foreign stations, too, the engineer is thrown very much upon 
bis own resources should an accident occur, and the least weighty conse- 
qnence of his ignoraiice or neglect will he to damage seriously a very ex- 
pensive machine. To the management of marine engines, therefore, our 
present remarks will be chiefly directed, as if this pan of the genernl Kib- 
jecl be mastered, the other branches of it will cease to present any difficulty 
which the most moderate reflection may not surmount. 

The first and weightiest duty of the steam-boat engineer is, to see that 
the bailers are properly cared for. The length of the watch is generally 
aboBt four hours, and the engineer on watch should he in perpetual at- 
tendance on the boiler, to see that the feed is properly main tat iied. If the 
boiler be blown oft" by means of blow-off cocks, the operation should be 
jKilormed twice in the watch, or once every two hours. The feed should 
lie so Set that the water will rise in the course of two hours from a little 
below the middle to near the top of the glass gauge tube, and in opening 
the blow-off cocks the water should be allowed to subside from near the 
top of the glass gauge tube to a little below the centre. This, it i* true, la 
» very indefinite quantity, for the area of the water Jevel varies in different 
l^oilers, and the glass, tnbes are of different lengths ; but the engineer will 
soon discover the exact quantity of blowing oiT requisite for the particular 
boilers he works — the rule being to blow off so frequently or so much ai t© 
prevent any accumulation of scale within the holler. We wish here to 
repeat again that in everi/ ease in which there h an accumulation ofsralc in 
the boilct, Ihe fault Ueti witlt (fie iiii/inecT, who is either ignorant of his duty 
or inattentive to it. The Rcaleshouid never be thicker than a sheet of paper 
in the worst parts, with the black iron showing in other places; and the 
operation of bli>wing off must be carried so far that this thickness wiU never 
be increased. In some boUen the scale in the water spaces is suffered to 
accumulate until the spaces are completely choked up in some places, and 
the iron of the ftues then gets red hot, and ia bellied inwards by the pres- 
sure. When th'i.'i takes place, the only plan to pursue, if the salted ]^arts be 
not easily accessible from the interior of the boiler, is to cut large manhole 
d(X>rs in the flues, and to quarry out the salt with appropriate instruments. 
As much may be quarried out every voyage as can readily be accomplished, 
and the manhole doors may in the meanwhile be closed by means of cross 
bars and bolts in the usual foishido. As soon as the boilers are clear, these 
holes may be covered with plates rivetted on, but Lf the boilers be con- 
siderably worn, the manhole doors will last as long as the boilers, and need 
not be removed. 

In boilers furnished with brine pumps, reliance must not be placed upon 
the pumps always acting well, and once every watch some water must be 
drawn off from the boiler to be tested by a salt gaage, to see whether it is 
too salt or not. There is no salt gauge which is received as a standard, but 
the engineer may easily make one as follows- — Take a glass phial or 
eaa de Cologne bottle, pour into it so much shot that it will nearly sink in 



sea water, and then cork it tightly. ^Take any convenient weight of boiling 
water, eay 3.'t lbs., add thereto 1 lb. of salt, and then put the fihial into it 
turned upside down, so that the shot will rest against the cork ; make a 
mark at the jioint at which the water stands on the phial ; this represents 
the saltness of sea water. Add then another pound of salt to the water, 
marking the point on the phial at which the water stands, and repeat the 
o|)cration until 12 lbs. of salt have been added, at which point the water 
will have received as much salt as it can dissolve ; transfer the marks npon 
the bottle to a paper scale, which paste on the inside of the bottle m exactly 
the same position as the original marks. Yon will then have a salt gauge 
which will tell the soltness of brine from the poiat of sea water up to the 
point of saturation. Reckoning sea water at 1, the water withiu the boiler 
should not exceed the saltness represented by 4, at which point the water 
contains ]4,ds of salt. This, though a tolerably correct instrument, is ob- 
viously a rude one, and it is preferable to have salt gauges properly made 
by the glass-blower, but graduated by a boiling solution on the principle we 
have described. A salt gauge is merely a hydrometer, and may l>e made 
by any person conversant with the manufacture of those instruments. 

The safety of the boilers being assured, the next point the engineer on 
watch has to look to, is to see that the pressure of the steam is properly 
maintained. Here almost every thing depends on the fireman. One fire- 
man will keep the steam up with a moderate consumption of coal, while 
another, with an increased consumption, will not prevent the pressure from 
declining, and yet tt is hard tu say wherein lies the difference of manipula- 
tion. It is a common fault, however, with lazy or ignorant firemen, to pile 
up the cotil at the month of the furnaces, while the bars at the after end are 
nearly bare, and if there be any holes in the fire, the cold air will rush up 
through them and greatly diminish the efficacy of the fuel. Opening the 
furnace door frequently has also a pernicious effect, and should be avoided 
m much as pn^sible. It is desirable that the bars should have a considerable 
inclinaliuD, lo facilitate the descent of the fuel upon them, and thus keep the 
after end of the bars effectually covered. Bars are to be preferred that are 
made of malleable iron, as they are more durable than cast iron bars, and 
may be made thinner, whereby they more effectually distribute the air 
among the burning fueL Bars three fiuarters of an inch thick on the upper 
edge, tapering to one quarter of an inch thick on the lower edge, seem to 
answer very well when the bars are of malleable iron. The greater width 
between the bars at the uuder than at the upper edge, facilitates, the ad- 
misiiioa of the ajr, and the dcKcent of the ashes and cinders. Bars are 
usually set jths of an inch asunder, but this width must be diminished if the 
coal be very amull, and can be diminished with impunity when the bars 
tire thin. 

If the boiler when tolerably well fired is still *hort of steam, a frw wind- 
sails should be set up and their ends directed into the engine room, so as to 
send into it a larger supply of air ; or by setting the foresail the draft may 
someti mes be increased. In sooie cases the hatches through the deck into the 
CDgiiie room are too smalt to admit the necessary supply of air to the furaaces, 
and they must then be enlarged, or new ones opened. Partially closing the 
damper will sometimes increase the generation of steam, and in snch casM 
it Lb expedient to place a sheet iron hanging bridge at the end of the flues, 
where they enter the chimney. In the case of tabular boilers, however, 
this cannot be done : hut a sliding perforated plate, or Venetian damper, 
may be so applied to the ends of the tubes, as to retain the hot air for a 
longer period within them, thereby increasing the efficacy of the fuel. 
Whatever be the sicain producing powers of the boilers, a vacuum should 
never be suffered to be formed within them, as it is impossible to blow nff 
if there be a vacuum in the boilers, and the gauge cocks, moreover, will in 
Buch case cease to afford any indication of the height of the wuter level. 
If the pressure of the steam cannot be maintained, that grade of the expan- 
sion cam must be nsed, wliich will cut tiff (ho steam at such a point as will keep 
the pressure at the right pitch ; or if there be no expansion gear, the throttle 
valve must be so far closed as to keep the steam gauge nearly up to the 
point answering to the load on the safety valve. Partially closing the 
throttle valve of an engine, will have nearly the same effect as the use of an 
expansion valve, if there be any lap on the steam slide ; for the steam, 
though it presses on the piston with the full force at the beginning of the 
stroke, when the motion of the piston is slow, cannot maintain the pressure 
on account of the smallness of the opening, when the motion is quickened j 
the pressure within the cylinder therefore declines, and if, before the motion 
becomes slow agniu, as it will do towards the end of the stroke, the steam 
be shot off by the lap on the slide, an effect will be obtained almost identical 
with that which wnuld have followed the application of on expansion valve. 
The action is farther illustrated by the indicator diagram, _%. 343. page 248, 
to which it is sufficient to refer. Partially closing the throttle valve checks 
priming, and opening the throttle valve or the safety valve suddenly has a 
great tendency to produce it, as has already been mentioned at page 83. 
When the boiler primes, the speed of the engine is sure to be dimiuLshed, 
in consequence of the large quantity of water the air pump has then to 
deliver, and it will he expedient in such ca.wa partly to shut off the injection 
water. When priming begins, engineers generally close the throttle valves, 
diminish the supply of injection water, and open the furnace doors. If the 
priming he very strong, so as to cause the water to leave the boilers very 
quickly, it is necessary to have a few buckets of water at hand, to throw in 
upon the fire the instant the water subsides below the glass tube. It will 
nut do then tu set about the drawing of fires, for all the damage may be 
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'imt hni&rt rhe irta ctn be drawD. but the engineer mast open the funmce 
doore and throw in a few buckets of water, standing to the one side to 
escape the backward rush of the steam, which would otherwise scald him. 
The fires will oot be put out by this regimen, but will be so &r damped as 
to prevent them from doing any injory to the boiler, e»en though Jt be a 
tubular oae with brass tub«L The same urgent haste is not neoesaary. if 
boilerv hare begun to salt from the stoppage of the blow-off pipes, and there 
it will do to draw the fires preparatory to pumping out their contents by 
the deck pump, if ihey cannot be Mown off through the deck pump sea 
cock into the sea- Hut in the case of the water being suddenly carried out 
of the boUer by priming, or of the water having bi-en sulfered to subside too 
far by the neglect of the feed, the best plan is to quench the fires in the way 
we have described. If from the neglect of the feed, the flues or furnaces 
hare become red hot, on no account must cold water be thrown in by the 
pump, else the sudden pressure within the boiler thus created will be sure 
to make the heated places bulge down, and may perhap« hurst the boiler. 
A plate which has bulged down may be set up agaiu by lighting a fire 
against it, to as to make the plate red hot, and then forcing it up with a 
•crew jack. 

One of the greatest dangers that can occur to a boiler, is that of a safety 
valve jamming or refusing to acL Every boiler ought to liave a safety 
valve of its own, and if this valve should jam, the steam has still a means 
uf escape through the stop valves into the other boilers, the safety valves 
of which are not likely to be similarly affected: nevertheless cases have 
occurred in which the safety valvea have all been rendered inoperative, 
ud it bebovca the engineer to prepare himself for such an emergency. In 
one of theae run the cone, which is fluently placed in the boll of the 
waste steam pipe, became loose, and jammed itself into the month of the 
pipe, whereby, though the safety valves were all open, the escape of any 
i>f the steam was prevented- The pressure of «team in the boiler increaaed 
until it broke some of the b<jik-r stays, and the engineer being unprepared 
how to act in such a dilentmo, the boiler would no di<ubt have burst, bod 
' .u|« steam pt|)r> given way, when tho boll was shot to a great 
> the air. In this case the pressure woold h««« been immediately 
i. . - .M I'V opening the blow through valve* of both engines, and at the 
««nie lime opening the rumiM doora to check the production of steam. 
Till.' e»i«tence of a dangerous pressure within tlic boik-r is always shown 
by the steam gauge, the mercury of which is blown out when the pressure 
oi' the steam beoiues dangerously high. If both safety and stop valvea 
mm to haeonM: fixed at the same time, so that the steam could neither gain 
jocni to the c&^nc nor escape by the safety valve, the best plan would be 
tn open tlie blow-off cocks and all the gau^'c cocks, throw open the furnace 
diMin, and quench and draw all the fires, .'niich an accident, howeveri can 
hardly happen, and we have novvr known it to occur in practice. 

Two or more fires are usually cleaned every watch, depending on the 
number of the furnaces and the quality of the coal. The fires to he cleaned 
are eaffsNd to be burned down until there is very little else than clinker 
left npoo the grate, and the whole of this clinker is then raked off, and the 
file la Uciited afirsb. The operation of cleaning the fires is nsnally per- 
fteoMdjaet before the termination of the watch, and the whole of the 
ashes are thaa hoisted up and thrown overboard, the firemen on watch 
filling the aali-tocketa, and the firemen about to flomt on watch hoisting 
them up and eaptjriog them into a shoot in the paddle wheel, or over the 
sbip'» ikKle. There tni^ to be a cock on each side of the stoke-hole, about 
J m. diameter, fbr tlie adaiaaion of water from the sea fur quenching the 
fire* and other uses. 

Such are the chief pointa which solicit the engineer's attention in the 
working of the boilers. In the management of the engines, the first point 
to be looked to ta (hat the cutters are neither too slack nor too tight, and 
that Booe of the brasses are heating. In the generality of engines, the 
^Cgfhur CBoat apt to heat is the crank pin, but much dt-pends on the pro- 
portiooa of (he parts, which differ in different engines. It is usual to lubri> 
eate the erank pin, when it heats, with sulphur and tallow, which is supplied 
Ihrottfli a funnel cup instead of the oniinary oil cup. and the same disei- 
plineia ohasrved in the case of other bearings. This plan answers weQ 
enougfa when the bating is not considerable, but it wilt sometimee be 
MCawirj to cool tlw bearing by cold water applied by means of the hoee 
q(U Mm il Hfttti>f with the deck pump, If the cast iron parts, however, such 
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bkwka of the main shaft or their covers, become hot. it 
I 10 iknyw cold water upon thrm suddenly, and in such 
•■tter to begin with birf water from the boiler, shutting off 
the ' I illy from the pum|>, and n|><5Ring the sea cock gra- 

lluall^ '<< I* projected upon the bearinK. In the malleable 

ifoa parts of the engine, ouid water may be applied to hot bearings without 
Am preaaiion. and the beat i«iDe«ly there for a troublesome bearing is the 
•pplkiition of the water hoee. Bearinga, however, rarely heat unleaa they 
•M loo tigbtljr aerwed ap or the supfrty of oil to them hai been neglected, 
•ad they aanat be alaekened and lubricated u well as cooled with water. 
The heatiaf of a bearing very frequently injuree the surface of the metal, 
and c«la away the braaa eery mtu:h : it should therefore be checked at the, 
outieL, and in repleniahing iha oil cups, which the engineer should periodi- 
cally do, he ought to fed the bearings to uiake sure that thry are not hot. 
Be ahould see at the same time that Dooe of the eatters are working loose. 
A Ifffwt*" of any of the ntain bcarbga *tU generally manireet its exist - 
by a jerk In the engine, btu aoB* of lh» aoMvft of the parallel motion 
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may come out and occasion serious breakages withoat g|iviMg a»» eath 
warning. The same remark applies to any dTthe main eatten wimtt an 
not made with a uper, such as the cross-head or croas-tail etmen «f aaat 
engines, which may come out without giving intimation of the daagH. 
The main cutters about an engine should all be provided with ecrewi^ flash 
as is rcpreaented in the connecting rod strap in our pbte ot detaila. In | 
vent the cutters from going either back or forward. Genaralty i 
cutters have a tendency to work Airther in, whereby, if the \ 
not counteracted, they will cause the bearings to beat 

The state of the vacuum will be shown by the vacunaaj 
to the condenser, and if it be imperfect, the caoae moat be 
the fault corrected, if the hot well be much more than blood 
injection water must be admitted, and if the vnciram is still imprribet. I 
must be some air leak, which the engineer must endcavoor to diaoai^ 
Very often the fault will be found to lie In the valve or cytiadar aenv, 
which must then be screwed more firmly down, or in the faocrti joiai ^ 
the eduction pipe, the gland of which will require to be tiginnaid. m ihe 
leaking part puttied up. The cyliuder and valve MaftBg'hagBaa aMgrv 
the same time be supplied afresh with tallow, and the door of the «omitiamt 
examined, if the engine be provided with one. The joints ol the pvk 
communicating with the condenser are usually tried with a ciiidlr. t^ 
vacuum sucking in the flame if the joint be faulty ; sometic^ 
of the foot valves leaks air into the condenser, but in side I- 
this is a very difficult part to examine when the veatel is oadr ; 

The power actually exerted by an eogiae is detarmlaad by 1 1 
the operation of which we have already explained at pafpc l.>^ 
may here give a few directions for the nse of tlie yooog aBgiMHp 
how he may take indicator diagrams liimseU^ and bow h« anay 
the figures thus obtained. In the case of a steam vessel ihrre to 
trouble in applying an indicator than in the case of a lasd cngiae. aa ikt 
proper amount of travel fur the string cannot be so easilv proe n reA. The 
most convenient arrongemeut appears to be to add a small wheel aad aak, 
or wheel and |>inion, to the indicator, so that a athag Mttrh(4 la tm 
pistol). rod and wound on Ihe wheel will give the ri^t BMilaaa ta te 



cylinder un which the paper is fixed. Tlie indicator ouy thM hai ,, 
to all lorts of engines, whether fixed or uteitlaiing, vithoai htvoWiag As 
trouble of a new method of attachment for each, but the ■tring hdag f 
to the top of the piston-rod, the motion will be rcdnecd as oaoe la l 
suitable for the paper cylinder, by means of the wheel and axla. It < 
do, however, when the proposed wheel and axle is not in nadiMai 
attach the string to any part of the parallel motion, or any part of the I 
lever which partakes of the motion of (he piston. The pantUal < 
parallel mntion shaft are often selected. If the motion be taken Aval I 
sidi' lever, the string must be attached in the central line of tha haiM,l 
if attached on the top of the beam near the main centre, ll 
not be the »»me as that of the piston, and a distorted figwre wQI ha < 
Pcqilexity is sometimes cast over indicator diagrams m cooeeqww ef ite 
improper attachment of the string, and in all cases of ap|au«n aaaaalr. 
the first point to be inquired into is the point about the eajtias^ lo «hiab 
the string has been attached. It is a gou<l exereise for engiDecta la amh 
the indicator string to parts about the engine which they know lohavfaag. 
in order to familiarise themselves with distorted diagrama, whenhy they 
will be able to detect the imperfection and (he causea by which it has hMa 
produced. 
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Fitf. 339. is a cylinder diagram of the City of Aberdeen 
atmospheric line running through the centre of it shows tlie twial i 
the pencil of the indicator stands when there is neither prea 
vacuum below the indicator piston, and it is traced by mdbaiag thi _ 
to make a line upon the paper wound round the drnaa beftaw the Mih rf 
the indicator is opened. tYom the point A, near the lalt-haad N^ 
of (he figure, the pencil starts on iu coarse, and oa Iha ooek h ' 
it immediately flics up and tona» the appcr line of the Igart^^ 
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[•enU the prenare of the st«ani, and for cTcry tenth of an inch — or other 
"■tance irhich in the graduation of the instmment is taken to reprrspni a 
_ Dund pressure — ilmt the pencil rises, the pressure within the cylinder is 
that number of pounds above the atmosphere. Hv the time tlie paper 
reaches the extremity of its horizontal travel, the slide vulve has shut off 
the steam and opened the pa&sage to the condenser, iivhcn the pencil 
[descends to a position beneath the atmospheric line corresp<inding to the 
i'degree of exliaustion existing within the cylinder. The bottom line of the 
Idiagram therefore represents the qualitjr of the racuuiu, and by the time 
^the paper has traTelled back to the same point fron which it set nut, the 
alide valve has closed the eduction passage and again let the steam into the 
cylinder, when the pencil again springs up to the position due to the pres- 
sare of the steam. It b clear from the cunsideratioa of this action, that if 
the steam experienced do obstruction in entering or leaving the cylinder, 
the figure would be a perfect parallelogram ; the pencil would he instan- 
taneously forced up to its highest point, where it would remain uuiil the 
travel of the pafter hod tenninnted, when it would be instantaneously 
*forceddown to its lowest point, where it would remain tintil forced up 
'■gain by the pressure of the steam. la practice, however, this stale of 
things cannot exist i the steam recjuires time to enter the cylinder and 
time to escape from it, and the diagram is more or less rounded at the 
comers in proportion to the obstruction thus presented. The more si[uare 
an indicator diagram is at the corners, the more fully is the engine working 
np to its power with the given pressure of steam. If the corner marked 
'expansion comer" be cut away very much, the engine is working to a 
'proportionate extent expansively. If the "eduction comer" be mucb 
rounded or &lante<l away, then the eduction passages are too small If the 
" lead comer " be luucb slanted off, then the amonnt of lead given to the 
engine is great, or in other words, the stoam side if the slide is opened 
before the end of the stroke. If the " starting corner," or the steam comer, 
I M it might be called, is slanted off, then the steam does not gain admission 
[tn the engine sufficiently early. Every change in the engine which occa- 
laions a rounding or slanting away of the corners of the diagram, diminishes 
fthe power of every stroke ; for the space enclosed by the pencil line repre- 
' tents the power of a stroke of the engine, and the area of that space is 
diminished by every rounding away of the comers. It does not follow, 
however, that the peculiarities of stnicCurc which give a diagram cut away 
at the comers are necessarily pernicious in all coses. Expansion produces 
the effect referred ti>; yet it is known to be beneficial, from the diminished 
power of the engine being more than compensated by the saving in steam. 
It is found advantageous to the working of the engine to give some lead to 
the valve, so that the cutting away of the lead comer of the diagram ia a 
moderate extent is not to be looked upon os a defect; hut the eduction 
comer should be as sijuare as possible, and any pounding of the steam ur 
vtarting corner is a defect arising from want of lead, or rather from lead 
on the wrong side, — the steam valve not opening until some part of the 
stroke has been performed. To compute the power of on engine from the 
indicator diagram, divide the diagram in the direction of its length into 
any convenient number of efjual parts by lines drawn at right angles with 
! atmospheric line \ set down the lenpths of the spaces formed by these lines 
t measaKments of a scale accompanymg the indicator, and on which a tenth 
of an inch usually represents a pound of pressure ; add op the total lengths 
of alt the spaces, and divide by the number of spaces ; which will give the 
^piean length, or what i.s the same thing, the mean pressure upon the piston 
pounds per square inch. Multiply the number of S({uare inches of area 
in the piston by the nnmher of pounds on the square inch, and by the 
■peed of the piston in feet per minute, and divide by .'i;i,()0O, which gives 
the actnal number of horses' power ; or we may square the diameter of the 
cylinder, multiply by the effective presaore per square inch, and by the 
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motion of the piston in feet per minute, and divide the product by 42,ui7, 
which gives the smuc result 

A horse-power is represented by a load of SS.OOO lbs., raised one foot 
high in the minute, which is equal to 528 cubic feet of water raised 
through the same distance. Mr. Watt, when he first applied his engines 
to perform work that had previously been performed hy horses, felt that 
some such unit as a horse-power w<>uld be convenient in enabling him to 
estimate the size of engine required. He therefore made experiment."! to 
ascertain (he weight that might be Lifted per minute by the strongest London 
horses, and found it on the average to be a.3,i)0U lbs. rait>ed through one foot 
in the minute. It is only the strongest horses, however, that can lift so 
much I and Mr. Smealoa had previously found that 22,0U0 lbs. raised one 
foot high in the minute is as good a perfunuauce as can be had from horses 
of average strength working eight hours a day. Mr. Watt, however, 
appears to have been desirous that his engines should exceed rather than 
fall short of their nominal power, and therefore fixed npon a larger per- 
formance. In modern engines, the mechanical eificacy of the dimension of 
engine answering to a horse-power has been greatly increased, so that every 
horse-power of an engine rated at lUO horses, that is, every nominal horse- 
power, may lift ijii,<)OU pounds one foot high in the minute, instead of 
33,000. A nominal horse-power, tbcrerare, is now merely a commercial 
unit hy which engines we bought or described -, but the dimension of engine 
answerable to thix nominal power, is that represented by the actual power 
iu Watt's original engines. A table of these dimensions is given at p. 214., 
and the result is expressed with tolerable nearness by our rule, p. 107., and 
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accurate results, and which, expressed in words, is, — Subtract 1 from the dia- 
meter of the cylinder in inches, and square the reinamder, which multiply 
by the velocity of the piston in feet per minute, and divide by 5640 : the 
result is the hor.He-powcr. The sfweds of piston, with ditferent lengths of 
stroke, are given at p. 214. This rule gives U for the power of an engine 
with a cylinder I inch in diameter, the whole of the power of such an engine 
being considered to 1j« absorbed by frictiont which is relatively greater in 
small engines. 

/■'(■(/. 340, represents an indicator diagram taken from H.M.S. Spitefiil, 
made with a different indicator, io which the graduation is more nearly 
one-eighth than one-tenth of an inch to the jjonnd of pressure. The scale 
is shown at each end of the diagram- In this case, the pencil, starting fyom 
the atmospheric line, immediately rises up to 5 lbs. pressure ; but from the 
beginning of the stroke the pressure slowly declines, shoM-ing that the steam 
is wire-drawn, and at about three-fourths of the stroke the pressure declines 
more rapidly, showing that at that point the steam is cut off, leaving the 
rest of the stroke to be perfonned by expansion. Before the stroke is com- 
pleted, the pressure in the cylinder has fallen to between 2 and 3 lbs. below 
the pressure of the atmosphere. The slanting away at the eduction comer 
shows that the eduction passages are of lusutficicDt area, and the lead 
comer shows that there is more lead given to the valve than is nsual. The 
following are some of (he dimensions of this engine: — Diameter of cylinder, 
6.1 iin, ; length of stroke, G f t. ; stroke of valve, ISjin. •, cover on steam 
side. .')Jin. ; cover on exhausting side, IJin. ; siie of ports, 25^ by 6^10.; 
load on safety valve, 6 lbs. per square inch. By computing, according to 
the rules given at p, 90., the amount of expansion due to the amonnt of lap 
and stroke of valve here given, it will be found that the steam will be cut 
off^ when from one-third to one-fourth of the stroke remains to be com- 
pleted, which the diagram shows to he the case. 

Fig. 341. is on indicator diagram taken from the air pump of the same 
vessel, the Spiteful, the diameter of which is 3 ft. 1 \ in., and the stroke 
3 ft. 3^ in. The diameter of the waste water pipe is 1 2.J in. When the air 

pump bucket was at the bottom 
of its stroke, the indicator pencil 
was at (t, showing a vacuum in 
^^ the pump of about 12 lbs. on the 
square inch. As the bucket 
rose, the air and vapour in the 
pump was compressed till the 
pencil reached the [x^inl b, show- 
ing a pressure of about 6 lbs. 
above the atmosphere. At this 
point the delivery valve seems 
to have opened, and allowed the 
pent up vapours to escape, when 
the pencil feU to the point c, but 
here the water in the pump 
-5 wenis to have come against the 
cover, forcing up the pencil to its 
highest point, r^ which shows a 
pressure of about 8 lbs. above the 
atmosphere. From this point the 
pressure appears tn diminish to c, 
during the ascent of the backet, 
and from e to/'during the down- 
ward stroke. The diagram, how. 
ever, from d downwards to /, is 
anomaloiUtforliovcan the pre*- 
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sure be nipposed to descend fhim dioe when 
the bucket U ttill ascending, and wherefore 
does the line slmnt away from e to /, when 
it ought to full pei^ndicularly. in conse- 
jiquence of the immediate fonnation of a 
vacuum in ilie pomp, cau&ed by the descent 
at the bucket? It appears to us that the 
eofer of the air pump most have leaked air 
at the time this diugnun was taken, and we 
think further that the striog leading to the 
indicator must hare come against some 
part of the engine towards the end of the 
top stroke, thereby shortening the string, 
and quickening at that point the trarel of 
the paper, whereby the slanting off, proper 
to the recoil of the spring from d to e, and 
to the imperfect vacuum from e to f, would 
he exaggerated. Fig. 342. is another indi- 
cator diagram, taken from an air pump, which 
in this case is that of the City of Aberdeen ; 
and here, it will he seen, there is no distor- 
tion such as that which occurs in the Spite- 
M\ diagram. The following are some of 
(he dimensions of the parts of the City of 
Aberdeen's engines which hare reference to 
the diagrams we have given. Diameter of 
cylinder, 62 in. ; length of stroke, S ft. 6 in.; 
lap on ateam side of valve, IJin. ; preB'> 
sure of steam, 7 lbs. ; lead, \ in. ; dia- 
meter of air pump, 37 in. ; length of stroke of air 
of waste water pipe, 12 in.; height of mouth of 
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pomp, 3 A. ; diameter 
discharge pipe above 
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In marine engines the air pump is always made of a largcrsise thflB I 
monly used for land eugiues ; for when the speed of the engine it i 
tarily diminished bv the waves rising around the paddle- whvebk, tlw ii^ er tha 
water is all the while running into the coodenser in undiminished qaaalifjr, 
and unless the air pump be very lai^ it will be unabto Ml aiach limsa la 
deliver the water. 

Fig. 343. is an indicator diagram taken from the cylinder of a Uads«^M 
54 in. diameter, and 5 ft 6 in. stroke, erected by Mr. Fairbaim. TIm aMM 

Fig. 343. 
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delivery valve, 7 ft. 8 in. The pressure on the %xt pump bucket due to this 
head of water is about 4 lbs. on the sq. io. The scale of the diagram is ^^ 
of an inch to the pound pressure, and the pressure shown by the diagram 
is about .'>! lbs. on the inch i ao that about 11 lbs. on the inch is required to 
oficB the delivery valve, and overcome (he ftiction of the passages. The 
vaomUB la the punp is about 12^ lbs. on the inch. The pencil in indicator 
diafriBU Tcry generally makes a few oscillations up and down before it in- 
dicates the true prrMure. This is caused by the roomentnm of the indicator 
pistnn i and it is therefore expedient to make it as light as poaaible. 

We may here, by way of example, compute the power required to work 
the sir pump of the Spiteful, taking the diagram to represent the power 
BCtnally expended. We may Ant divide the diagram by the dolled linca, 
I.S, and 3. into fbur equal parts, which pans we may again sub<lividr, making 
•ight ordinatcs altogirther. The pressure per square inch on the bucket 
«1U tlMt«ft>re tie. — during the first eighth of the stroke, ; during the 
Meood eighth, ^> third I , fourth, 8 i fifth, 6 ; sixth, 13 ; sewnlli, 15} ; 
•ifbth* tS i tlw nean of which is 7. From this has to be deducted the 
pn m un vtaieh taslsta the bucket in its descent, whether from the leakage 
of air or otherviae, and which is, daring tlie first eighth, »[; daring the 
second eicfathi, l| ; and during the remainder of the slmke. 0. This gives 
a inaaa or US Iba., which, d«'clin'te<l fixim 7, leaves r»'7.*> lbs. on the square 
loeh. Thr weight of water lifteil by each stroke, tnkin;; the delivery valve 
to opca at the point r, will be .')9.^ lb*., which, divided by 1 104. the square 
iawca of area of xiu^ bucket, giveit HAT lbs. of prewure per square inch, 
p««diiMd by the water \i(\eA each stroke, making 6*107 11m. effective 
prwrare per sqaarB inch opposing the ascent of the ^ckei. This is e(|ui- 
Tftlnt to 9<0M Iha resisting the motion both wayi, or since the air pump 
k aboat ^ of th« c*f%0tj of tb« cylinder, it is equivalent to a fifth of 
a-O&Slba. or -611 Ibt. per iqiure iaen acting on the piston. Hence the 
Bomber "' i."—- .>■ rws««f expended in working the air pump of this engine 
is fonti (he areaof ibe piston in square inches by -QII ilts., 

lb«o Ri ,. speed of the piston io feet, and dividing by a3,0UU. 
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in the boiler b nf a pressure of M| lbs. on the sqoare inch, which jvemart m 
not reached in the cylinder, and there therefore appears robe cuAdceaabuB 
in the steam pipes. The pressore is tolerably well maiotaiaed at ibe eaa> 
mencemunt nf the stroke, on acconnt of the slowness of tb« DOtkn it Iktt 
time ; it rapidly declines as the s(iefd of the piston qaiekeaa. bat riae 
somewhat towards the end of the stroke, in conteqaenec of the ilieilnaiia 
of the piston's speed. If the valve had been furnished with miAcxbi 1n|t i 
cut off the steam at lialf stroke, Ibe diagram would harr followed ch« dine*d 
tion of the dotted line, and the effect would have been anptfidr. 
engine is obviously working much below iis power. 

The atieudanls upon engines should prepare themselves for ist CMMiftf . 
that may arise, by considering po^ible cases of derangement. and tecMf^m 
wluit way they would net should certain accidents occur. Tite camtm t» bi 
pursued most have reference to particular engines, and no general ndas tm 
therefore be given ; but every marine engineer should be pit par et vitk 
the measures to he pursued in the emergencies in which ho may be ealbd 
upon to act, and where every thing may depend npctn bin vortfj aal 
decision. If the ship springs a leak, the water may geni-rally Hf kty* mdcr 
by injecting from the bilge, and every steam-vesael SBOold U ' ««b 

cocks for litis purpose. These cocks aboold not eoounin aay 

rose within the condenser, as (be water drawn fWMn the bii^^v i- nvt clcM 
water, and a rose within the condenser would probably aoon beoame ebabfd 
up. Should there be no injection from the bilge, a great deal tt 
may be lifted out by partly opening the snifting valvea, but sboatd tbey lei 
of such a construcuon as not to admit of being o|>ened by a imadle, et] 
should they be in an inacesaible position, the cover of the fbot vahci 
man-hole door of the condenser, may be slackened, if the aniilittg vihr 
cannot be opened readily, the injection may be shut off, so that the eVfiee 
will heat and vitiate the vacuum, and the valve will then open at teava 
accord during the descent of the air pump bucket. Wbm niard. k ■■! 
be prevented from rlosing again by something being wcdced in h«le« h: 
the atcam will then be coudensed in the air pump, and the water C 
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through the snlftiog valve will, in nil ordinarj leaks, gooa leare the ship 
dry. If fire break out in the vessel, the best plan ia to keep all the hatches 
close, to scultle the deck, and to direct the hose leading from the deck pump 
upon the fire. The fire hoae must on no acroont be used for pumping oat the 
boilers, washing the decks, or other inch purposes, hut must be kept in a 
locker close beside the deck pump, for the single purpose of ^luenchiog 
fire: and should he examined and oiled once a month. Cotton waste, if oil 
be spilled upon it, is liable to spontaueous combustion, especially if kept in 
a hot place ; and such combustihles should never be kept in lockers behind 
or near the boilers, or in any place where there is much light wood work 
that would readily take fire. The coals often catch fire from spontanenua 
combustion, hut damage rarely arises therefrom ; they should be queDchi-d 
immediately the fire is discovered, by directing upon them a stream of 
water from the hose. Coal or combustibles of any kind should not be kept 
under the cabins, as it would be almost impossible to put out a fire among 
the light joiner-work of the cabins. Some vessels are fitted with a steam- 
cock for quenching fires, by filling the place with steam ; hat such a cock, 
being seldom used, is likely to be neglected and be<Mime so much comxled, 
that it cannot he turned when wanted. If collision occur, and the steamer 
is cut down by another vessel to the water's edge, it may be necessary to 
blow off one wing boiler tnstautly, and fill np the other, so as to give the 
TeaMl a list to raice the broken part out of the water. There is no time for 
heattation in such caaea : (he engineer must decide on the instant what he 
is to do, and must do it at once, [u some cases of collision, the funnel is 
carried away and lost overboard, and such cases are among the most 
difficult fur which a remedy can be sought. If fiame come out of the 
chimney when the funnel is knocked away, so as to incur the risk of setting 
the ship on fire, the uptake of the boiler must be covered over with an iron 
plate, or be sufficiently covered to prevent such injury. A temporary 
chimney must then be made of such materials as are dd board the ship. If 
there are bricks and clay or lime on board, a chimney may be built with 
them, or if there be sheet- iron plates on board, a .s<[uare chimney may be 
constructed of them. In the absence of such materials, the awning stan- 
cheons may be set up round the chimaeviUnd chain rove in through among 
them in the manner of wicker-work, so as to make an iron wicker chimney, 
which may then be plastered outside with wet ashes, mixed with clay, four, 
or any other material that will give the ashes cohesion. War steamers 
should carry short spare funnels, which may easily be set up should the 
original funnel be shot away ; and if a jet of steam he let into the chimney, 
a very short and small funsel will suffice for the purpose of draught. 

If Uie crank pin breaks, the other engine must he worked with the one 
wheel. It will sometimes happen, when there is much lead upon the slide 
valve, that the single engine on being started cannot be got to turn the 
centre if there be a strong opposing wind and sea ; — the piston going up to 
near the end of the stroke and then coming down again, without the crank 
being able to turn the centre. In sucli cates it will he necessary to turn the 
vessel's head sufficiently from the wind to enable some sail to be set, and if 
once there is weigh got upon the vessel, the engine will begin to work pni- 
perly, and will continue to do so, though the vessel be put head to wind as 
before. If the eccentric catches or hoops break or come off, and the damage 
cannot readily be repaired, the valve may be worked by attaching the end 
of the starling handle to any convenient part of the other engine, or to some 
part in connection with the connecting rod of the same engine. In side 
lever engines, with the starling bar hanging from the top of the diagonal 
■lay, as is a very common arrangement, the valve might be wrought by 
leading a rope from the side lever of the other engine through blocks, so as 
to give a horizontal pull to the hanging starting bar, and the bar could be 
brought back by a weight. Another plan would be to lash a piece nf wood 
to the cross tail butt of the damaged engine, so as to obtain astifficient throw 
for working the valve, and then lo lead a piece of wood or iron fVoni a 
suitable point in the piece of wood attached to the cross tail to the starting 
handle, whereby the valve will receive its proper motion. If the shafts or 
cranks crack, the engine may nevertheless he worked with moderate pres- 
sure to bring the vessel into port ; but if the crack be very bad, it will he 
expedient to fit strong blocks of wood under the ends of the «ide levers, or 
other suitable part, to prevent tlie cylinder bottom or cover from being 
knocked out, should the damaged part give way. The same remark is ap- 
plicable irhtre flaws are discovered in any of the main parts of the engine, 
whether they be mnlleahle or cast iron ; hut they must be carefully watched, 
so that the engines may be stopped if the crock is extending further. 
Should fracture occur, the first thing obviously to be done is to throw the 
engines out of gear, and should there be much weigh on the vessel, the 
■team should at once be ihrowu nn the reverse side of the piston, so as to 
counteract the pressure on the paddle-wheel. 

These, then, are the most important of the points which suggest them- 
selves in connection with the management of marine engines when thoy arc 
at work ; we have next a few remarks to offer upon the general manage- 
ment of the engine room, and upon the secret of economy in the working 
of steam vessels. In dealing with the firemen and coal trimmers, there 
must be as many xtandimj onlcrs as prtssibic, so that tlie engineer may be 
saved a perpetual expenditure of thought on mere matters of routine, 
whereby his attention may be given to more important objects. The coal 
trimmers have usually the care of the lamps, the whole of which should be 
collected, cleaned, and tritniiied every morning, and each then put in its 
proper place. Far every thing in the engine room there shoitld be a place, 



and for its being there, and being clean and fit for use, some person or other 
should be fesponsible. It appears to be expedient to give to the best fire- 
man a few shillings a week more than the rest, and to make him responsible 
for all the spanners, the blocks for raising cylinder and air pump covers, 
and the screw for the paddle-wheels; and all these articles should h« 
ranged, like the muskets of an armoury, upon the engine rocm bulk head. 
The (pare gear sboold b« ranged in the same situation, and should cither be 
painted or be kept bright. The oil cans, lamps, and tallow kettles, may be 
put under the charge of the head coal trimmer i they should aU be of brass 
of the same colour, and should be kept bright and clean. Of the oil tank, 
tallow locker, and waste chest, the engineer himself should keep the key, 
and should give out every murning the quantity allowed for the day's con- 
sumption. Holts, cupper drifts, aiid other tight miscellaneous articles, the 
engineer should keep lacked up in his store closet, where also be should 
keep his hammers and chisels, saws, drills, taps and dies, files, smith 't 
tongs, and other similar implements. The paddle bolts and plates are in 
the charge of the carpenter, but the engineer should ascertain that the car- 
penter is always provided with a sufficient supply. Every steamer intended 
for the perforiaauce of other than short voyages, should be provided with a 
smith's forge and anvil, and with a small turning lathe. The smith's forge 
should he of a compact form, with the bellows situated beneath the hearth, 
and it should be set in a recess in the engine room, where it is always in 
sight ; if slowed away m a dark place, the leather of the bellows will be- 
come mouldy and rotten. The engineer's store closet should be made with 
a gloss door, so that any one visiting the engine room may see that the 
variou<t articles in it are well taken care of, and that each is ia its right 
place. The whole of thi' bolts about the en^ne of the some diameter should 
be made with the some pitch of screw, and (he taps and dies supplied to the 
engineer should correspond therewith. Where there is a line of several 
vessels, it is most importunt that the whole of the engines should be the 
same, so that any one part of one engine may fit all the others. The boilers 
should also be of the same size, though in<ey need not he of the same in- 
ternal structure ; and so soon as a boiler becomes much worn, it should be 
taken out and replaced hy another, which is kept in readiness — the worn 
boiler being then thoroughly repaired ashore, and made fit for putting into 
another vessel. This plan is much more economical than that of executing 
heavy boiler repairs on board the vessel ; and the beams above the boiler, 
the coal boxes, and all the boiler attachments, should be so contrived, that 
the boiler may be removed with facility. The firing tools and instruments 
for removing the deposit through the mndhole doors, are usually laid on 
hook-i in the engine room, fixed against llie side of the ship, and beneath 
these books the ash buckets and buckets for quenching the fires may be 
ranged. These buckets should be of strong sheet iron, with rims round 
top and bottom. The lamps used in the coal boxes and for cleaning the 
boilers, may be made of a short piece of nialleable iron pipe staved up 
round at the one end, and with a bottom brazed in at the other, and short 
side pipes for the wicks may then be brazed on, which pipes should lead 
to near the bottom of the lamp ; through a small hole in the top, a filling 
pipe should descend lo near the bottom of the lamp, which may be furnished 
at the top with a projecting neck, on which a swivelling handle may be 
fixed. The oil is poured through the central pipe, and cannot be spilled 
though the lamp is turned upside down, nor can such a lamp he easily 
broken. The engineer will always require to carry glas* gauge tubes with 
him, and the glass tube soi^kets should be so made that a tube may be put 
in at sea. The cocks connecting the glass tubes with the boiler, should be 
to made as to admit of the tubes being blown through with steam to clear 
thom, as in muddy water they will become Bo much soiled, that it will lie 
difficult to see the water. The whole of the articles of engine room furni- 
ture should be entered in a catalogue, and the engineer sboald be held 
responsible for their safe custody and preservation. The various engine 
room stores required, such as white and red lead, point and paint oil, paste- 
board, rope yarn, emery paper, Bath brick, brooms, shovels, and other 
articles, should all have their appropriate places in the store closet, and the 
engineer should, for his own satisfaction, keep an account of the consump- 
tion of them. 

Steam vessels, to work economically, should have large engine power, 
with moderate boiler power ; they should make as much use of Mitls as 
possible, and in fair winds or fine weather should work very expansively. 
In the case of adverse winds or tides, on the contrary, they should exert 
their full power, as it is only the excess of power possessed hy a vessel over 
that requisite to stem an adverse wind or current, that is available for her 
propulsion ; and the greater the power, the less will be the proportionate 
loss from her subjection to such influences. In fair winds, the engineer 
should use such a measure of expansion as will maintain the speed at about 
ten knots per hour ; speeds materially higher than this are only got at a 
great proportionate expenditure of power; and in the generality of cases, 
the object, when this speed is obtained, should be^not to increase the speed, 
but to save the fuel. Sails are far loo little used in steam vessels : many 
captains never set them at all ; but every sail unset when the wind is fair, 
involves an expenditure of fuel which might otherwise be saved. The 
fesistance opposed to vessels moving through water increases as the sqaare 
of the velocity, and the power requisite to overcome that resistance as ihc 
cube of the velocity ; so that to double the speed takes eight times the 
power. The centre of pressure of the paddle boards should oat move 
much more rapidly than the vessel moves through the water, else there 
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wLU be ft great Iom of power f\rom dip, — the power being wasted >d forcing 
the water back trma the wheel iaitead of being expended \u forcing 
the Tcuel forward. The proportioa of float-board, therefore, or the dip of 
the wheel, ia an element of e<»ooniy in the working of »team vesseU, and 
niut have reference to the power of the engine and the resistance expe- 
rieuced bj the venel. Four or five floaU are usually immersed in the 
larger ctaat of tea-going TeMelat and with such a dip the engines are not 
aiibjeet to injurious fluctuatioas of speed from the rougfaneM of the sea- 
The power exerted by aa engine is of course greater when working fast 
than when working slow ; but if the increased speed be obtained by an 
ioadequate float sur&ce, the increased power wiU be more than thrown 
■wiy in churning the water ; and the resnlt will be an increased consump- 
OOQ of fiiel with a diminished speed, or, in the most favourable case, with 
• a p ead not increased in anything near the ratio of the increased consump- 
tioa of f net 

The most beneficial amount of float surface having been detennined, as 
may easily be done by trying tbe effect of ditfereot degrees of expansion 
if the float sar{iu» be too small, and by lightening the vessel or hoisting 
aail if it be too large, the floats should be firmly secured io their places; 
but it may be taken as a general rule, that the horizontal speed of the en- 
taring float must be as great aa that of the ship, else the entering float will 
rarrjr a sea before it, as is done by the bow, and will impede as well as 
■id the vesael's progress. The steam pipes should be clothed with felt 
and covered with wood, and the cjlindeTT and boilers should aUo be eSffC- 
tualiy clothed, as has been already stated, so as to prevent the dispersion 
of heat, and to keep the engine room cooL Care mnst be taken that the 
pistons and valves do not leak steam, which would greatly increase the 
consumption of fuel ; and their tightness should be occasionally tested by 
Kfting the covers and letting the steam in below the valves and pistons. 
The engineer should assure himself, when getting coals on board, that he 
Italiy receives the quantity professed to be given, and one of the engineers 
should see the whole quantity weighed -, he should also compute the ca- 
pacity of the coal-boxca, as an additional check, and if they hold (oo much 
lie may be tolerably sure that he has not received his quantity. The 
{density of coal varies somewhat; the bushel of Welsh coal being 94 lbs., 
jwhttu the bushel of Staffordshire coal is only 84 lbs. ; but it is an easy 
f ihtog for the enpneer to weigh a vessel of the coal, of any given capacity 
is Ottbic feet, from whence the weight of any other outnber of cubic feet 
MB readily be determined. On the average, a ton of coal occupies a mea- 
■and ton of stowage. If the coak occupy more than the computed space, 
the inference is that they are badly stowed. Long fnmacea are generally 
more extravagant in coal than short furnaces ; and many cases might hie 
mentioood where shortening thv furnaces haa been attended with an in- 
crcued generation of steam, aa well as with a saving of fuel. A great 
Monoay, both in fuel and in wages, would be accomplished if marine 
boilcrt were to be fired by machinery instead of by hand, and an important 
benefit to steam navigation would be achieved by the practical introduction 
of this improvement. 

The expedients of economy here enumerated will certainly be productive 
of important results if effectually carried into practice, yet we should not 
be dispoacd to troat implicitly to these or any other recipes, but would seek 
to cnhM the tnfwitt of the engineer and captain in the success of any 
p rojacwd HhcoM of teonoray. Wa therefore recommend to more generml 
idoMioo tlie avsiem of giving the captain and engineer a share in the 
Ikvrags of coal that they accomplish; and we should further give the 
CBfiiwer a share of any savings in the consumption of oil. tallow, or other 
■torea, that he can effect. We include the captain in the award of the 
nvings of fuel, bceaMo by bia excrtioiia the saving may be materiaUy in- 
•RMcd ; for the OBgiiweri aertiou may be in a great bcmu* defieated, 
if the captain neglada In boiat sail, or pnnnes xig-zag conraas. It would 
be still preferable, however, for steam companies, if they conid contract 
for the maintenance of the propelling power with some responsible party, 
who wonld make the development of all measares of incruucd efficiency 
and ceonomy a bssmeas, and would thoa be more likely to work them 
•tfacmlly out, and who could make the necessary bargains with captains and 
a^MOTii We believe that companies wonid derive a similar benefit from 
Ihb Hnngananl to that experienced by the government, when it let out 
by eoatnet the conTevance of the mails. The expense of every steam 
waaaat cvanlng would thus be a determinate thing, and the company would 
ht able to give its exclasive nUentiaa to what is after all its legitimate 
ftmction, — that of Increasinf its profits, and improving its commercial 
poattion. The appetite for power and patronage prevailing among the 
(BMoagen of c<wn|nnies nay defoat. in some cases, such an innovatinn ; but 
*« believe that h will eventually become a general arrangement, and one 
llMt will be foand beitcfieial to both nf the con Irac ling parties. In the ease 
of railway locoaiotion it b already extensively practued, and is found to 
b« Ktcadrd with satialhetory results. 
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: inportant pan of the engine-driver's duty is, the obserranee 

_ Mpaipting whirh no generAl rules can be given, as ths systems 

njlf ttfiMib WHJ opoo different railways i but a strict attention to the signals 

"Ah ■poo. and ■ constant watchfblnesa to see that the rail is free from 

ilhlit liuu, ooMtbHio the moat important part of the duty the engine- 



driver has to perform. He should constantly be upon tb« §aiOthtnt if i 
the engine, so that the regulator, the whistle, or the reveraiof ha>dlt Biy 
be used instantly, if necessary. At the same time be mnat aee ibMI tat 
level of the water in the boiler is duly maintained, and that the Mcam la 
kept at a nnifonu pressure. In feeding the boilers with water, and the 
fiimaces with fuel, a good deal of care and some tact arc ni rissarj, ■■ 
irregularity in the production of steam will often occasion primias, arta 
though the water be maintained at a uniform level ; and an exoaa* of wattr 
will of itself occasion priming, while n deficiency is a aoww of okniM 
danger. The engine is generally furnished with three gauge coefcl, mA 
water should always cotne out of the second gauge-cock, and steam ott of 
the top one, when the engine is running ; but when the engine ia at rcM. 
the water in the boiler is nithcr lower dion when it is in motion; ao that 
when the engine is at rest the water will be high enough if it just r«««h*a 
to the middle gauge-cock. The boiler should be well filled with waair •• 
approaching a sution ; as there is then steam to spare, and addJtiaaal vMir 
cannot be conveniently supplied when the engine is stationary. Th» te» 
naee should be fed with siuaLl quantities of fuel at a time, and lb* flMd 
should be turned off just before a fresh supply of fuel is introdnoad. The 
reguhitor may at the same time be partially closed, and if the blaat«pipe be 
a variable one. it will be expedient to open it widely while the (bd Is Dda( 
introduced, to check the rush of air in through the furnace door, aad ikM 
to contract it very much so soon as the furnace door is cloecd, ia osdtf 
soimer to recover the fire. The proper thickness of coke upon (he cntto 
depends upon the lutensity of the droA : but in heavily loaded oagiaM klft 
usually kept up to the bottom of the fire door. Care, howevrr. mart he 
taken that the coke does not reach up to the bottom row of tabea. ao ic to 
choke them up. The fuel is usually disposed on the grate like a vaatt,«ad 
if the fire box be a square one, it is heaped high in the conicra» the baCMr 
to maintain the combustion. In starting from a station, aad alas im 
ascending inclined planes, the feed water is generally shut off; aad ikaf^ 
fore, before Mopping or ascending inclined planes, the builar aboaU be *«H 
filled up with water. In descending inclined planes, aa extta aapyhr af 
water may be introduced into the boiler, and the fire aiay be tti, m IHM 
is at such times a superfluity of steam. In descending incUaed ptea^ lh» 
regulator must be partly closed ; and it should be entiivly rloat4. if the 
plane be very steep. The same precaution should be obaerred in the as* 
of sharp curves or rongh places on the line, and in paasiug at^a pofaia aad 
crossings. To ascertain whether the pumps are acting well, the pai*4«ch 
must be turned, and if any of the valves stick, they wul lonetiaHe be iSr 
duced to act again by working with the pet-cock open, or atenata^ < 
and shut Should the defect arise from a leakage of neam iato Ae pi 
which prevents the pump from drawing, opening the pct-«oak leaiti 
evil, by permitting the steam to escape. Should prioiing oeew. ft 
water in the boiler being dirty, a portion of it may be blown os 
should there be mocb boiling down through the ghkss gauge tube, 
cock may be partially closed. The water should he wholly blown 
locomotive boilers three times a week ; and at tboae limes two mod* 
at opposite comers of the boiler, should be opened, and the boikr 
washt^ internally by means of a hose. 

On approaching a station, the regulator should be gradnaliy ckacd. i 
it should be completely shut at about half-a-milc from the stallaa If I 
train be a heavy one, and the train may then be brought to raat by i 
of the breaks. Too much reliance, however, must not be p«t apaa the 
breaks, as they sometimes give way, and in frosty wca(h«r aiw asariy 
inoperative. In eases of urgency the steam may be thrown upim ilw 
reverse side of the piston, but it is desirable to obviate this ne<.-es>iiv as Ut 
as possible. At terminal stations the Kteam should be shut «C cariaa r' 
at roadside atatioDa, aa a collision will take place at ir rmiaal i 
train overahoota the place at which it ought to stop. There ahoald i 
be a good supply of water when the engine stops, but the ftrr 
suffered gradually to burn low towards the conclusion of the ^ 
soon as the engine stops, it should be wiped down and be then < 
examined. The brasses ahoald be tried to aee whether they are 
have been heating ; and it should be ascertained occaMOoally vIh 
whcek are square on their axles, by the applieatioa of a SWgl^ i 
the axles have end piny, which should be prevented. The at 
must be tightened, the valve-gear examined, and the eoeentrioa ba < 
sionally looked at to see that they have not shifted on the axk, Uioa^ thia 
defect will generally be intimated by the irregular beating of tiw ttutt t 
the tubes should alao be examined and cleaned out, and the aahaa caMisd 
out of the smoke-box through the small ash-door. If tha aafdaase a 
six-wheeled one, it will be liable to pitch and oscillate if too aneit weigla 
be thrown on the driving-wheels, aitd where such faolts art food to exiik 
the weight upon the driving-wheels should be diminished. The pcatfto 
of blowing off the boiler by the steam, as is always done ia natiae bos hu 
should not he permitted, as a general rule, in locomodve builan when Ih* 
lubes are of brass and the fire-box of copper ; but where the tabaa aad Cm- 
boxes are of iron, it may safely be done. Before starting tm a J o aity »tb» 
engine-man should take a summary glanc« beneath the lairiai. has oaahl 
first to assure himself that no other engine is coming isp at l&e ttaia, fas 
regulator, when the engine is standing, should be closed aad locked, the 
ecccnu-ic-rods be fixed out of gear, and the tender break a s c i ai down i 
the cocks of the oil vessels ohonld at the same thne b« that, hoi ribaaU al 
be opened a short time before the train stariL 
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Most of the accident* attended vith loss of life npoa railvays hare been 
oecasloaed by persons jumping on or off the train whilst in motion, and 
many cases might be cited of engine drivers and stokers having been killed 
bj filling off the engine, — in some cases from the coupling of the engine 
and tender suddenly giving way. The most fre^iueat causes of coUi&ian 
arc fogs and the absence of a uniformity of time at the different stations 
along the line, in cnnseiiucnce of their difference of longitudt'. Collisions 
have sometimes occurred A-om carriages having beeo lilown from a sidiug 
upon the rails by a high wind ; and the slippery state of the rails or thJe 
fVacture of a break, has id some cases caosed colltiion at terminal stations. 
Collision has also takea place fVom one engine having overtaken anotht-r 
in consequence of the imperfect condition of the first engine from a leaky 
tube or otherwise. When u tube bursts, a wooden or iron plug must be 
driven into each end uf it. and if the water or steam be rushing out so 
fiercely that the exact position of the imperfection cannot be discovered, it 
will be advisable to diminish the pressure by increasing the supply of feed 
water. Should the leak be so great that the level of the water in the 
boiler cannot be maintained, it will be expedient to drop tbe bars and 
qaench the fire, so as to preserve the tubes and fire-boa from injury. 
Should the wooden cusiag of the boiler catch fire, it roa^ be extiDgniihed 
by throwing a few buckets of water upon it, or if the engine it at a rtllrioili 
it may be brought under the crater crane. Should the piston rod or con- 
necting rod break, or the cutters fuU out or be clipped off, as sometimes 
happens to tbe piston cutter when the engine is suddenly reversed upon a 
heavy train, th« parts should be disconnected if the connection cannot be 
restored, so aa to enable one engine to work, and of course the valve uf the 
Guilty engine matt be kepi closed. If one engine has not jwwer enough to 
enable the train to proceed with the blast pipe full open, the engine may 
perhaps be able to take on a part of the carriages, or it may ran od t^ 



itself to fetch assistance. The same course must be pursued if any of the 
valve gearing become* deranged and cannot be rectified upon the spot. 

Before leaving a station the engine driver should always assure himself 
that he has tbe requisite supply of coke and water, and should not trust to 
the attention of the stoker respecting such matters. Besides tbe firing 
tools and rakes for clearing the tubes, he should have with him in tbe 
tender a small oil tank and a small tallow chest, a box of waste, some rope 
yam, gasket, canvass, and whitclead ; two small oil casks, an oil syringe, 
spaoaers, aad one shifting key ; a chipping hanuner, chipping chisela, and 
a file ; a coal hammer, some wooden and iron plugs, and an iron pltig 
holder, a sheet-iron bucket, a screw jack, two crow iKirs, a chain, and some 
wooden wedges. The whole of these articles should be arranged in the 
tender in suitable places, so that the engine driver may know where to pat 
his hand upon any article, and can see at a glance whether any of them is 
missing. A few spare bolts of different sizes should also be carried. To 
economise fuel in locomotives, a variable expansion gear is very desirable, 
which may be adjusted to the load, and the blast pipe must be worked with 
the least possible contraction. At stations tlie damper should l>e closed to 
prevent the dissipatioD of tbe beat. Anthracite bos been tried for locomo- 
tives instead of coke^ but it crumbles down into a powder, and forms a 
compact mast upon the bars which prevents the admission of an adequate 
supply of air to the furnace. If the area of grate be enlarged, however, it 
appears probable that anthracite may be used if miied with coke. I'pon 
some railways premiums are given to the engine drivers for oconomising 
fuel. The practice appears to us to be commendable enough, but it should 
he coupled with the publication of the eonsfunplion of the loconaotives of 
different makers, as no amount of care on the part of the cogioe driver 
will Ktiffice to correct the vices of an imperfect machine. 
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Achilles steamer, boHeri ot, 57, 56. 

Air, expansion uf, by heat, 25. 

Air leaks, how to detect, 204. 246. 

Air-pomp cross-bead, table orgizea of, 135; rules 

respecting air-pump, 1S3; diameter of, 15.*?. 

215; marine engines require larger proportions, 

2'i8 ; power requisite to work, 215. 248; rules 

for TBrioos pans of, 153; speed for boring, 

SIS; vahreaof, 218; canvas valves for, 174; 

■Ude T^vee for, 824 ; metallic packing for, 216; 

indicator applied to, 248. 
Air-pump passages, area of, 154. 215. 
Air-pamp rod, table of sizeR of, 135; rules for 

strength, 1S3; materials for, 218. 
Air-pump side rods, table of sizes of, 135 ; rules 

respecting, 153. 
Albion mills, engines of, 17; valve gearing of, 19. 
American boiler with Ihin plates and bigh pres- 

■ore, &5, 26. 
American enginef, 189. 
Angle iron hoops, tables of cirmmferences for 

Ikcilitating construction of boilers, outside, 112; 

inside, 1 13. 
Anthracite, use of in locomotives, 351. 
Arago, M., futility of his claim on behalf of De 

Cans and Papin to the invention of tbc steam* 

engine, 1,2. 
Areas of circles, table of, 24. 
Armstrong, R., sediment collectors by, G9, 70. 

78, 79, HO. 
Axle, cranked, of locomotives, 236. 

Babbit's lilting metal for boshes, 228. 

Back links, 210. 

Balance valves. See Eqailibriiim Valves. 

Batl valves of locomotives, 235. 

Baptista Porta, 2. 

Barometer, or vacuum guoge, 170- 

Bcale's rotatory engine, 186. 

JQeam of land engines, to find the vibration of end- 

■tods, 209 ; depth of beam at centre, 155, 208, 

909; the total depth is equal lo tbc diameter of 

the cylitrder, 208; depth of beam at ends, 141. 

208; thickness of beam, 155. 208; studs of, 

when of cast iron, 206; when of wrought iron, 

208. 
Bearings, management of, 246. 
Bearings, spheroidal, advantages of, 320. 236, 250 ; 
fieighton { Henry), improvements introduced 

by. 7. 
Bell metal, 228. 
Black Eagle, direct •action engines of, by Bfessra. 

Penn and Son, 181. 
Blasco, de tiaray, 3. 
Blowing off, amount of heat lost in, 331. 
Blow-off cocks, details of; 223. 
Blow-off pipes, 2*^3. 
Blythe (Messrs.), piston by, 198. 
Boiler corrosion, 63. 93. 230. 
Boiler explosions, 83; inefficacyof fnsible pings, 

83 ; advantage of large steam gauge. flS. li>8. 

846. 



Boiler iDcnutationg, 83. 245. 

Boiler priming, 83. 234. 245. 350. 

Boilcrs> marine, shoold they be of iron or cop- 
per? 83. 

Boilers, proportions and performances of varions, 
81. 228. 229. 

Boilers, strength of, 82, 230 ; experiments of 
Frauklin Institute on bf>iler plates, 83 ; weaken- 
ing effects of rivet holes, 83; weakening effect 
of over-heating, 83 ; rule for strength of boilers, 
230. 

Boilers, varieties of : Haystack, 9 ; York build- 
ing waterworks. 1750, 9 ; waggon, simplicity 
and efficiency ofi 46 ; proper distribution of 
heating surface, 47; area of water level per 
horse power, 48; area of heating surface per 
horse power, 48. 228, 229 ; grate surface per 
horse power, 229 ; square feet of heating sur- 
face per square foot of fire-grate, 229 ; beating 
surface should be arranged to facilitate tbc 
escape of steam, 229 ; heating surface, Bou]t<m 
and Watt's, 52 — 54 ; tubular with upright 
tubes, C8, 69 ; Buttcrly, 54 ; French, 54 ; 
Cornish, 55. 70 ; tubular land, 55- 69 ; Amo- 
rican, 56 ; marine flue, 55, 56, 57, 58, 59, 
60.61. 62. 64, 65. 73, 74, 76, 76. 77, 78; 
marine tubular, 63. 65, 66, 67, 68. 70, 71, 72 ; 
marine, double tier of ftimaces disadvan- 
tageous, 56 1 the plan saves length of firing 
space, but diificult to fire two tiers effec- 
tnally ; coals do not lead so well, or so well 
maintain the trim ; steam from lower iiir- 
naces condensed by striking on bottom of upper 
ashpits; ashpits mconveniently shallow, 61 1 
in coasting vessels object should be to get 
furnaces in width of ship, 71; long fbmaces 
difficult to (ire at sea, 59 ; fire bars should have 
a considerable inclination, so as to keep the hack 
end of the grate covered with fuel; in furnaces 
with two lengths of bars,the centre bearer should 
be doable, and a space left between dead-plate 
and bars, 62 ; bridges, if brick, may be made 
with part above bars consisting of two or three 
large fire blocks, which may be lifted away 
to permit entrance into fines, and be replaced 
without expense of building np, 62 ; hanging 
bridges, bcneticial effects of, 65; comparative 
sizes of flue andtubniar, 74, 75; details of, 228 
— 931 ; arrang^jents of plates in, 229 ; tubing 
and staying, 2^i ■, strength of, 82. 230 ; method 
of preventing corrosion, 63. 93. 230 -, setting, 
231 ; locomotive, 231. 

Bolts, proportions of, 226. 

Boring cylinders and air-ptunpa, 315. 

Borrie's rotatory engine, 18*. 

Boalton and Watt, revolving gnte by, at BuA of 
England, 52; furnace at victualling-yard, 
Deptford, 52. 54 ; direct-action engines of 
Centaur by, 180. 

Bourne's double-power engines, 178.; espauire 
valres, SOU 

Bngum ■teamcr. boilers oft 67. 



Branca (Giovanni), 3. 

Brass, yellow, tough for engine work, 228 ; for 

heavy bearings, 228. 
Bnuing solders, 338. 
Brine, boiling ptnnts of, 231. 
Brine pomps, 83, 331. 
British Queen steamer, boilers of^ 64, 65. 
Brunton's revolving grate, 50. 
Buckle's pneumatic equaliser, 163. 
Bury, Curtis, and Kennedy, boilers by, 67. 73, 

74, 75 ; direct-action engines of Nimrod by. 

181 ; locomotive engines by, 191 ; locomotive 

piston by, 195. 
Bntterly boiler, 54. 
Butu of cross-tail, rule for proportioning, 152. 

Caird and Company, land boiler by, 55, marine 
flue, boilers by, 56, 57, 58, 59, 60 ; pistons by, 
198 ; marine engines by, 175 ; land engine by, 
2l>8. 

t'artwrigbt's (Edmund) rotative engine, 1797. 15; 
cundeosation by external cold, 15, 16 ; piston, 
15. 

Case hardening, 937, 338. 

Cast iron, strength of, 25. 27 ; table of strengths 
of different kinds by Mr. Fairbairn, 26 ; rule 
for breaking weight of rectangular bars, 26 ; 
strength of various mixtares of. 227 ; strength 
of, affected by mode of casting, 327. 

Cast steel, cohesive strength of, 27. 

Castings, how to make fine, 227- 

Cataract, early Cornish, 9 ; modem cataract, 
▼arieties of, 169. 

Cement, Roman, uses of, 237 ; Coppcrnniths. com- 
position of, 227 ; rust. 227 ; mastic for setting 
boilers, 230. 

Centaur, engines of, by Boulton and Watt, 
180. 

Cecitral forces, 32. 

Centre of gravity, 31. 

Centre of gyration, 33. 

Centre of oscillation, 34. 

Centres, main, strength of, 107. 133. 152. 211, 
212 ; other centrei, strength of, 133. 206 ; to 
find distance {rota main centre lo centre of 
cylinder, when length of beam is given ; or, to 
find length of beam, where distance between 
main centre and centre of cylinder is given, 
209 ; bow to find, in erecting engines, 325. 

Centrifugal force, 32. 

Centripetal force, 33. 

Chanter's (John), smoke-buming fttmaoe. 50. 

Chimneys, ascent of smoke in, 44 ; rule fur find- 
ing area of, 45. 108. lo9 ; of locomotives, 233 ; 
of iteani vessels, what to do if carried away, 
349. 

City of London steamer, boilera of; 65 1 engine 
of, 175. 

Clegg, rotatory engine of, 183. 

Clothing boilers and cylinders, saving of fuel 
from, 81. 350. 
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Coal, efliciencT of, with Tirious degrees of 

CKpailBioD, 81. 

Coal, chemical compoaition of, 36. 

Coal, relative efficacy of different kinda, 7, 82. 

Cock», prnportioiM of, 223. 

Cog wbe«l(,2l3. 

Coke (ii of aboat the same heating power aa coal), 
muer eTapomted br. Bl. 

Cold-water pomp, content of. 143. 155. 215. 

Collectinff vessels for Bediment iu boilers, GO ; 
owe their efficacy to the tranqnil state of the 
water wiihin them, wbea the water outside is 
agitated ; from a collecting vessel wiihia a 
boiler, the deposition may be blown out, 00. 70, 
78, 79. 8U; applicability of to locomotives, 
S43. 

Coltiaion of bodies, .31. 

(^-oUiston of steam ve$«els, 249. 

Combustion referable to energetic chemical com- 
bination, constituents of coal, smoke, flame, 
effwt of refrigeration in checking combnstion, 
36 : spontaneoua, of cotton watte, 249. 

Comparative diroensioiu of flue and tubular ma- 
rine boilers, 74, 73. 

Uompoaition and resolution of forces, 30. 

Coadcntatioti by external cold, by Watt, 10 ; by 
Cartwright, IC. 

Coodeoaer usually made of the same capacity as 
the air-pump, but the larger the better ; advan- 
tage of high condenser to enable air-pump to 
dnin it. 218 : disadvantage of putting the main 
centre tbroogh cnadcnser, 218. 

Omdeosing and high-pressure engines, difference 
between, 179. 

( 'onical pendulum or governor, 94. 5m Grevemor. 

Connecting-rod, table nf sixes of (malleable iron), 
131 : nile for strength (cast iron), 152 ; forma- 
tion oC 319 { to find length of. 225 ; of loco- 
motives, 23S. 

Copper, cohecivv, itnngth of, 27. SS ; futltt of 
copper boileri, M. 

Corde's rotatory engine, 1 88. 

Cornish boiler less cffectuiil than nutrine boiler 
with iWD« amount of surftce, 54 ; <'omiih 
boUei* at Blackwall Railwar, 55 : at Cnbitt's 
hctory. 70 1 performanee of Conilah boilers, » 1 . 

Corniah engine, cauaea of the eoooomy of, 8 1 ; 
ttraeture of. I 'A, 1 74 ; particulars of perform- 
noe ofl 206 ; cylinder cover of, with lantern 
tafWt,SI6. 

Gomakn of boihrra. 84. 93. $30. 

Counter, 172. 

Cover on slide-valve required to produce a given 
expansion, 90. 

(.'rank, applicatioa of, to steam engines anggefted 
by Stewart, 14 ; by Watt, 14 ; patented by Mr. 
Piokard, of Birmingham, 14 ; theory of, 121-^ 
124 i enppoaed loas of power tnm ase of, erro- 
neoos, 123 ; tables of strength of malleable iron 
cranks, 125, 126, 127; ubies of etrengths of 
cast-iron cranks, 144, 145; rales for strengtlis 
of malleable iron cranks, 150. 162; rules for 
•trengths uf cast-iron cranks, 156, 157 ; details 
of malleable iron cranks, 219. 

Crank-pin, rule (or strength of malleable iron, 
151 ; strength of east iron, 211 -, details of mal- 
leable iron, and method of preventing heating, 
310 ; plan to be pnrsoed if fhwtnred in steam 
vcaaela, 249. 

<7ranked axle of locomotives, 2.^6, 

€>oaa-hrad, table of sices of, 130 ; rtde for strength 
of. Iftlidetailaof; 219. 

ClOM-«^SI9. 

CyeloiMi, direct action engines o(^ by Meairs. Sea* 
vatd lad Co, IM. 

Cjlindsr coTcr, proportiona of gland in, 816 ; of 
Conueh eaginc. with lantern braaa Oiled with 
tfflMB, S16 ; etnfiag-box of oaoillatiag engine, 
St«. 

Cyliader ports. Set Steam PortSw 

Cylinders, thickness of metal ol^ 2 1 5 ; compoaition 
of metal tit, 227 i speed praper for bonng-tuol 
In boring. 319 : patona •Mold be ground into, 
216 ; mrthod of repairing flaws in, S17 ; of h>- 
coiaoiivea, 294. j 



Dampers of locomotives, 233. 

De Cans, Solomon, 2. 

Dee steamer, boilers of. 61. 62. 

Dclasme's smoke-burning furnace. 49. 

Der Prussicke Adier mteamer, boilers of, 74. 

Dimensions. See Tables nud Rules. 

Direct-action engines, represented on folio plate, 
179 ; applied to screw, 224. 

Dircks and Nelson, locomotive piston by, 194. 

Discharge valve-passages, 139. 154. 215. 

Dome, steam of locomotives. 23.'). 

Do-n Juan steamer, boilers of, 58 ; piston of, 197. 

Double-SKtiog engine. Sre Rotative Engine. 

Double cylinder engines, lloniblower's, 13 ; 
Woolf's, 171. 173 i Sims', of Redruth, 205. 

Draught uf furnaces must have relation to the 
thickness of the fire, 80 ; i|uestion of draft vir- 
tually that of area of fire-grate, 8i>. 

Dredging-mnchinc, specification ot, 175 ; remarks 
upon, 178. 

Dnndooald (Earl oO> rotatory engine by, 166. 

Duty of Cornish engines in 1813 and 1843, 171 ; 
rule for computing duty from consumption per 
horse power per hour, 214. 

Eagle steamer, boilers of, S9, 60. 

East I.ottdon waterworks, performances of 
boilers at, 81. 

Eccentric invented by Mr. Murdoch, 21 ; details 
of, 219, 220; catches for, 231 ; of locomotives, 
237. 

Eccentric hoop, table of dimemiona at, 136. 

Eccentric rod, table of dimensioM of, 136 ; ex- 
amples of eccentric rods, 213. 220; bush for 
notch of, 220 ; of locomotives, 237. 

Eclair, direct-action engines of, by Mesars. Miller 
and Ravenhill, 180. 

Economy of fuel, how to realise in steam vessels, 
249. 

Effective heating sarface. See Heating Sur- 
face. 

Engine raom of steam vessels, order to be ob- 
served in, 249. 

Eaglneer, duties of, on board steam vessels, 245. 

Engines. Set Steam Engines. 

Ek]uilibriam valve, nature of, 173 ; valves, par- 
tially on equilibrium principle, for pumps, 
174. 

Erection of engines iu workshop, 225 ; on board 
ship, 226. 

Evaiu's smoke-burning furnace, 90. 

Evaporation of water in various boilers by a cwt 
of coal, 8 1 ; square feet of heating suHikce per 
cubic foot of water evaporated per hour in 
varioiu boilers, 81. 

Eve's rotatorr engine, 185. 

Expansion of air by heat, table oC 35. 

Expansion, general explanation of the principle of, 
12 ; advantage of, in steam engines, 73 ; effects 
of different degrees of, in different engines, 8 1 ; 
produced by lap upon the slide valve, and 
computation of the lap requisite for various 
degl^ees of, 89 ; computation of the gain of 
power produced by, 94 ; analysis of the action 
and effect, 118. 119; practical rule for deter- 
mining the increase of efficiency arising ftxtm, 
120; variable in locomotives, 238; in ateam 
▼essels, 249. 

Expansion gear, double beat or equilibrium 
spindle valves, SOD ; expansion gear uf W«st 
India mail steamen, 200; of Berenice, 300; 
Gonaenhach's, 200; Cabre^'f, 2(A); Kenton's, 
200; Mayer's, 20O; American, 201 ; of Don 
Juan, 201 ; Whitclaw's, SOI ; Bourne's, 201. 

Expedients for regulating velocity, 162. 

Explosions of boilers, 83; arise chiefly from an- 
dne pressure of the steam or overheating of 
the plates ; pUuea overheat either from the 
boiler being short of water, or from the im- 
proper configuration of the parts, which retain 
steam that prevents the access of (water; bot- 
toma of large fines ovetlMat in this way when 
the flasM beata down, and collapse upwards, 
83 ; preventioo of, when safety-valve adheres, 
246. 



Fairhaim, rotative engine by, 17k t Crrct actka 
engiites of Odin by. It*^ 

Falling bodies, laws of, -jg, 3a 

Fawceit and PreMou (.VleMn.). direct acttoa «•> 
gines «f Queen by, 181 ; piston bjr, IM. 

Feed apparatus for land boilers, IM ; fbr muim 
engines, 22 1 : for lo4.-oD)otives. 235. 

Feed, self-acting, for marine boilers, S2J ; CrediRg 
engine by Messrs. Peun. U22. 

Feed-pipe, table of diameters, 139; rtUoa tat, 
154. 

Feed-pump, capacity ot, 142. ISS. SIS ; a aUt 
ret]uisile for feed, 315 ; details ot SSI ; hnoA 
feed-pump, 222. 

Fire in steam vessels, modes of cstiogBlakil^ 
245. 

Fire-bars, should have a conudsrable iorl'tnaiiaa. 
62 ; should not be bound at ends, to leave nem 
for expaiusion, 62 ; of locomotivea. SSt ; of 
marine boilers, 245. 

Fire-grate, area of, per hone power, fas boila M af 
Great Western, 64. 80 ; coal burned on a afiMt 
foot of fire-grate in various boilcn, 91 i lo fni 
area of, 107.229. 

Fires, cleaning of, 246. 

Firing, directions for, 845. 

Flame, nature of, 36. 

Flame bridge*, 231. 

FJual, for regulation of feed ia land Inriitr i i. IM i 
in marine boilers, 222. 

Flues, to find area in smallest pan, 109. 

Fly-wheel, application (^ to tM ctcOB oagno hy 
Mr. Watt, 14 ; with a son and planai wharf 
instead of a crank, a fly-wheel uf ooe-tenk tt 
the weight suffices, 17 ; principl* of aMtoa eC 
165; Ubie of diameters of fly-wbecK 1 47 : llhia 
of sectional area of fly-wheel riaw, 149, 149; 
cast-iron fly-wheel shaAs. 105. 157. S 18 1 do- 
tails of fly-wheel, 318 ; rule fbr finding cto 
proper quantity of cast-iron in flj-wharf riaik 
212. 

Foot and discharge valve pasaa^ea^ 139. IM.1J^ 

Forces, composition and reaolntton oC Ml 

Forrester and Ca (Mcasrs.), locoooitvo oiafta hj, 
194 i direct-aetioo engines of Hctea MMOwar 
by, ISO. 

Forth steamer, boilers of. 73. 

Framing of engines, 218 ; ot Vatamo A ve t , tSO. 

Franklin Institute, experimcata oa boiler «SfJ»- 
sioDs by, 82. 

Franklin's smoke-burning foraaoe. 49. 

French boiler, 54. 

Fuel, economy of^ in steam vcsaela, 73. 34*. tSO; 
efficiency of, ia variooa wginfa, with diCeNia 
degrees of expansion, 61 ; erapontive povos 
of different kinds ot, 82, 

Funnel, area of, 1 08 ; thickness of plaice Um, 830 ; 
mode of securing, 230 ; height ot, 830 ; mJ^ 
stitntes for, when carried away, 249. 

Furnaces, mouths oi^ east-iroa m mariae b«ilii% 
radiate an inconvenient quantity at heat. i7. 

Furnaces, smoke-burning, 49 — 63. Ses ftwte 
Burning. 

Fusible pings, inutility ot 83. 834. 

Galloway, engine by, 179; oootritcaoo far ad* 
tiplyiog velocity, 179. 

Gauge cock^ 170. 283. 

Gauges, water, 170 ; of toooBotiTea, S3S, SK; 
steam. 170 ; salt, 170. 245 ; vacvaou ITA- 

Girdwood and Co., boilers bj, M| fi^Ma kf, 
196. 

Glass tube-gauges, 170. 

Godson's smoke-burning tanmot, f I, 

Governor, general explanatioa ot 13t Mlioa ii 
explicable on the principle of tko fttiatmik 
84 ; motion of conical pendulum any b* ■» 
posed to be compounded of ■iiitiwa of laa 
common penduloaa vibratiac a& right iMha 
and one revolution of eoakal pta&lm ■■§> 
formed in the same time as two ^tbn^em tf a 
common pendulum, of which tbe 1*MA It 
equal to the vertical height of the potat tf ••• 
pension above the plane of twolaliaa af Aa 
balls. AUounicalpeadalaaaof lkoaiiatv«^ 



""Wtfeal height will revolve in the same time, what- 
ever be the diameter of the circle in which the 
bftllg revolve ; aud if the engine be quickened, 
the halls will expand and dimiuish the vertical 
height until it equals the length of a penduluin 
that will perform two vibrations for every 
revolution of the governor. The weight of the 
balls does not affect the question, as every 
particle acts for itself, 34, .'iA ; investigation 
of the action of governors, 167, ICH ; practi- 
cal rule for dcterniiuLng the pusitian of balls, 
I6S; varieliea of goremon, 169; detaiU af, 
SI 4. 

Grate. See Fire-grnte. 

Great Western steamer, boilers of, 62, 6.3, 64. 

Gudgeons, rule for strengtli of, 311, 212. 

Guides for . piston rod, superiority of, to parallel 
motion, 211 ; of locomotives, 235. 

Guppy (Mr.), boilers of Great Western by, (33. 

Kail's condensers, inatility of, 64. 

ilarvey and West's valves for pumping-engines, 
174. 

Hawthorne's valve motion, 238. 

Heat, nature of, 35 ; latent, sensihle, specific, H^. 

Ueating surface of boilers, area of, per horse 
power, 48 ; in boilers of Great Western, 64. 80; 
beating surface per cubic foot, of water eva- 
porated per hour in various boilers, 81 ; heat- 
ing surface per sfjnare foot of grate in various 
boilers, 81; effective heating surface, to find 
area of, M9. 

Helen Mucpregor, direct action engines of, by 
Messrs. Forrester and Ca, 180. 

Her Majesty steamer, boilers of, 91, 92. 

Hero of Alexandria, '2. 

Hick (Mr.). vanC' governor for steam-engines by, 
169 ; double-cylinder engines by, 175. 

High-pressure and condensing engines, difference 
between, 173. 

History of the steam engine, five epochs in : Isl, 
fVom time of sncients lo applicution of the 
boiler; 'Jnd, use of a vucciiun; 3rd, application 
of the cylinder; 4tb, condensation by injectinn; 
iith, improvements of WutL, 1—23. Hero of 
Alexandria: pneumaiie meclinni.snis described 
in his Spiritalia; /Eolipile similar to Avery's 
engine. 2- Baptista Porta: treatise on pneo- 
matics ; description of a method of emptying a 
vessel of water by steam; solar fotintaiti, 2. 
Gioranni Branea : engine formed like a water- 
wheel, the steam spouting against the floats ; 
similar to the engines of Cordc and Pilbrow, 
3. 188, 189. Blasco dc Garay : trial of his 
steam vessel in 1 543, before Charles V. of Spain. 
Marquis of Worcester : in "Century of Inven- 
tions" describes the first steam engine for raising 
water; one of these engines, set op at V'aux- 
hall, and seen there by Cosmo de Medici in 
16S3, operated more efficiently than the horse 
engines, 3. Captain Thomas Savcry ; work 
called the Miner's Friend, pitbtisshed in 1702, 
deacribtng his engine, which had been patented 
in 1698; extract from the Miner's Friend; 
great merits of Savcry as an inventor ; probably 
re-invented the Marquis of Worcester's engine. 
OttoGaerickcS. DenysPapin: pntposcdtopro- 
duoe the vacu am for GuericUe's piston and cylin- 
der arrangetuent by means of steam; abandoned 
his plan in favour of Savery's ; a man of much in- 
genuiiy, but unable to work his inventions out, 

6. Thomas Newcomen: iutrudaced the first 
cylinder engine, with the view of dispensing 
with high-pressure steam ; accidental discovery 
of the method of condensing by injection, 6, 7. 
Humphrey Potter ; first worked the valve by 
the engine, 7. Henry Ueighton ; improvements 
introduced by, 7. T^eupold, dt-scription of high- 
pressure engine by, in Theutrum Marhinarvm, 

7. Brindley, introduction by, of flont in boiler 
lo regulate the feed, 7. Improvements by Sraea- 
toa («ee Smeoton). Improvements by Watt 
(fM Watt). 

Holding-down bolts, 226. 

Hoopa, lengtbf of iron suitable for, 1 13, 113. 
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Homblower (Jonathan), double-cylinder engine, 

13; rotatory engine, 183. 
Horse-powtr, table of nominal. 96, 07 ; role for 

computing nominal, 107 ; table of, 814 ; actual 

horse power, how to ascertain by indicator, 

S47. 
Horton and Sons, boilers by, 70. 72. 
Hdsking (Mr.), engine at Vauxhall waterworks 

by, 173. 
Hyperbolic logarithms, table of, 25. 

Incrustation of boilers, 83. 145. 

Indicator, purpoie of, 170; structure oC 171 ; me- 
thod of using, 171 ; continuous indicator, 171 ; 
how to ascertain horse power by, 247 ; applied 
to air-pump. 247. 24S. 

Infernal steamer (now Eclair), boilers of, 71, 
72. 

Injection, accidental discovery of method of con- 
densing by injection, 6, 7 ; water requisite for 
injection, 215; area of injection orifice, 215; 
area of mj eel ion pipe, 139. 154; content of cold- 
water pump to lift water for injection, l&A. 216; 
injection from bilge, 218. 

Injection cocks, details of, 223. 

Injection pipes, 223. 

Iron, cast, strength of, 2.1, 26. 27. 227. 

Iron, malleabk-, strtugth of, 25. 27. 105. 226. 

Ivijon's smoke- burning apparatus, 50. 

Jacket for cylinder, advantage (Wtm u<e of, 173. 

Jeffrey's smoke-bumtng furnace, 50. 

Joints, postelward. how to m»ke, 203. 205 ; putty 
for soft joints, 204 ; rust joints, objectious to, 
on sole-plate, 218; hoyi to make, 237 ; joints 
with wire gauze and red lead, 227. 

Jockes' (John), stuoke-boming furnace, 50- 

KingstoD'i valve, 223. 

Lantern brass stuffing-boxes, 17S. 

Lap OD slide valve re<|uired to produce a given 
expansion. 90. 226. 

Latent heat. ."1.5. 

Leupold, description of higb-prcsaure engine by, 
7. 

Links, hack, sectionol area ot, 20O. 

Links, main, sectional area of, 206. 

Locomotive enginea. dimensiont of puts of, 114, 
1 1.^ 1 rules for proportioning, 1 58 — 160 : struc- 
ture of, 19L 192; deUilsof, 231 ; general fea- 
tures of boiler, 231 ; fire-box, 232 ; fire-grate, 
232 ; sAh-box, 232 ; lubes, smoke-box, chimney, 
dampers, wire- bonnet, cinder plate, 233 ; fhun- 
ing, steam dome, steam pipes, 233 ; regulator, 
safety valves, fusible plugs, lead ping in furnace 
crown, cylinders, 234; valves, piston rods, 
piston guides, feed apparatus, ball nlvea, water 
gauges, 235 ; wheels, merits of four and six- 
wheeted engines, new arrangements of engines 
and tender, cranked axle, connecting rod, 23l> ; 
eccentrics, eccentric rod, valve motions, Pau- 
wel's valve motion, Stephenson's link motion, 
Melliog's motion, Hawthorn's, variable expan- 
sion gear, 237, 238 ; how lo set the valves of 
locomotives, 239, 24(1 ; traction on railways, 
friction, resistance of atmosphere, sdhesion of 
wheels, weight and cost of locomotives, 241 ; 
dimensions of locomotives, economy of fuel, 
prevention of scale, 242. 

I.rf>giirithms, hyperbolic, table of, t5. 

Losh's smoke-burning furnace, 49. 

Main beam of land engines, table of depth of, at 
centre, when the pressure is below that of the 
atmosphere, I4U ; when above that, 209 ; depth 
of beam at ends, 141. 206,209; vibration of 
end-«tuds, 209. 

Main centre, 107 ; table of sizes of, 133 ; rules for, 
152.211. 213. 

Main links. 209. 

Management of engines: of pumping enginec, 
203 ; of rotative and marine engiues, chief 
dnty of steam boat enginei-r, method of pre- 
venting the formation of scale in boilers, bow 
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to make a salt gauge, firing, fire-bars, «hat to 
do when short of steam, throttle vatve,priming, 
245 ; what to do if water gets low in boiler, 
what to do if safety valve adheres to iia seat, 
cleaning of fires, management of bearings, how 
to detect air leaks, 246 ; how to ascertain power 
of engines by indicator, indicator applied to 
the air-pump, 247,248; what to do if vessel 
springs a leak, 24S ; what to do in case of fire, 
spontaneous combustion of cotton waste, w hat 

I to do in cases of dangerous collision, what to 
do if funnel is carried away, if crank pin breaks, 

' if valve gear is deranged, if cranks or shafU or 
side levers crack, order to be observed in engine 
room, arrangement of spare gear, arrangement 
of spanners, oil-cans, and lamps, engineer's 
store closet, oil tank and tallow chest, stores, , 
249 ; economy of fuel, how to work steam 
vessels with economy, 249, 250 ; of locomotive 
engines, observance of signals, maintenance of 
water level, keeping steam at uniform pressure, 
use of pet cock in feed pump, priming, proce- 
dure on approaching a station, trying if wheels 
are fair on axles, advantage of spheroid^ 
bearings, danger of blowing-off by pressure of 
steam with copper fire-box, 250 ; cause* of 
railway collisions, procedure when a tube 
bursts, when derangi'inent of various parts of 
engine occurs, furniture of lender, use of an- 
thracite in locomotives, 351. 

Manufacture of engines, best situation for on 
engine factory, provincial factories should he 
represi-nted in the metropolis, how to make 
manufacture profitable, general description of a 
Wi-ll arranged factory, 243 ; plan on which the 
work should be conducted, participation in the 
profits by the workmen employed, 244. 
Marine engines; dimensions of Maodslay and 
Field's, 111; of Messrs. Seaward and Co. 'a, 
111; formula for various dimensions, 106, 107 ; 
rules for dimensions, {tee Rules); peculiar fet- 
tures of, I7.'>; details of, 215^231; manage- 
inent of, 245—250. 

Marquis of Worcester descril>es in his "Century 
of Inventions" the first steam engine, 3 ; one 
of his enginea seen at work by Conuo de Me- 
did, 3. 

Miuter, definitions and properties oi, 27- 

Maudslay, Sons, and Field, boilers at Black wall 
Ilailway by, 55 ; marine boilers by. 60, 61, 62. 
63. 76, 77, 78 ; dimensions of principal parts o, 
their marine engines, 111; rotative land engine 
by, 174; direci-actiiin engines of Retribution 
by, 180; piston by, 198; piston valve by, 198. 

Maxton (Messrs.), pistons by, 193. 196. 

Medway, fteamer, boilera of, 60, 61 ; piston of, 
198. 

Melling's valve motion, 238. 

Miller, Ilaveuhill, and Co., boilers by, 66. 71, 72 ; 
piston by, 197 : direct-action engines of Eclair 
by, 180. 

Millions of pounds raised one fool high. Stt 
Duty. 

Motion, laws of, 27. 2S. 29, 30 -, of elastic finids, 
43 ; of steam in an engine, 44. 

Mooll's smoke-bnming fiirnace, 49. 

HuDta's metal, 228. 

Murdoch, valve gearing by, 19 ; merits of, 
22. 

Murray's contrivance for admitting air to fur- 
naces, 49. 

Kapler (David), boiler by, 67 ; direct-action en- 
gines of Fawn by, 180. 
Napier (Robert), boiler by, 64, 65 ; engines by 

175; pistons by, 197. 
Nasmyth (Messrs.), and Co., locomotive piston 

by. 195. 
Newcomen (Thomas), merits of engine by, 6 ; 

accidental discovery of the condoMatkm fay 

jet, 7. 
Mimrod, direct-action engines ot, by Messrs. 

Bury, Curtis, and Kennedy. 181. 
Nominal horse-powec tables of, 96, 97 214; rule 

for, 107. 
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Occu) *t«Biner, boilen ot 73. 

Odin, direcuactioB engines of, bj Mewn. Fair> 

bairn And Co^ l&O. 
Oil cups, Mlf-feeding, 328. 
OMiIUting eoffine, advantage of, 181, t82: 

cylinder stuiBng-box of, 216; ralve gear of, 

'2-24 ; tronaions of. 224 ; detail* of, 224. 
Otto (iuericke'i, cylinder and pinton for ihowmg 

the preuure of the atmoaphere, S. 

Paddle-sha/tt malleable iron, tables of dimenBiont 
of, 128, 129 ; how to find position of centre 
of. 223. 

Paddle- wheeU, 177; details of, 319 ; methods of 
disengaging, 220. 

PUnbour. experiments on eraporation in locomo- 
tive boilers by, 6\, 

Papin ( Deny s) pr<.ipo(ed to ase Oaerieke's cylinder 
and piston, but abandoned his plan in favour of 
Sarery's. 6; a mac of mucb ingenuity, but 
incapable of potting his conceptloas into a 
practical form, 6 ; smoke-buruing furnace 
by, 49. 

Parallel motion, general explanation of, 17, 16 ; 
inrestigation of the proper proportions of the 
parts of, 95. 98, 99 ; practical rules for de- 
termining the lengths of the parts of, 100 ; 
table of strengths of parts of, 136 ; examples 
ot, 210; inferiority of, to guides, 21 1 ; varieties 
of, 215; White's, 215 ; how to set. 210. 2S5 ; 
motion shaft, how to find centre of, 225 ; lengths 
of rods of, 225. 

Parke* (Josiab), experiments on boilers by, 81 ; 
blaiidera in his inTestigation respecting loco- 
motives, 82. 

Pauwel's valre motion, 237. 

Pendolums, action of, 33 ; conical or goTemor, 54. 

Penn, direct-action engines of Black Eagle by, 
181 ; merits of his oscillating engine, 181, 182 ; 
piston by, 198. 216^ 

Performances of boilers, 81 ; of Cornish engines, 
206. 

Pbonix steam vessel, boilers of, 56, 57. 

Piekard (Mr.), of Birmingham, patent for crank 
by. 14. 

Pilbroir'a routorj engine, 188, 189. 

Rpes: steam, 84, 85. 93. 138. 154. 223 ; injection, 
223 ; blow-off, SS3; method of attaching pipes 
lu'iron ships, 333 ; steam pipea of locomotives, 
333. 

PSmoo, speed of, 138 times the <*ube root of the 
stroke. I07. 214 ; table of speeds of, at different 
powers, 214. 

Piston-rod, table of stses of, 130 ; rule for strength 
of, 151. 209 ; should be of steel, 337 ; method 
of fixing into cross-head, 316; locomotive pis- 
ton-rt)ds and guides, 233. 

PiatoBS: CartwTight's metallic, 15; Maxton's, 
193. 1 9G; Forrester's locomotive, 194; Dirck* 
and Nelson's. 194: Bury, Curtis, and Kennedy's, 
195 ; Robert Stephenson and Co.'s, 195 ; Liver- 
pool and 31anchester Railway, 195 ; Great 
VVeaten Railway, 195; Sooth Western Rail- 
viy, 193 1 Glasgow and Ayr Railway, 195 ; 
Namjth and Co.'s, 195 ; Girdwood and Co.'s, 
196. 197; Fswcett and Preston's, 196; R. 
Napier >. 197 ; Seawards, 197 : Miller. Ravenhiil, 
Si ' '7; ilaudshky, Sons, and Field's, 198; 

.*- <ir, andCo.'s, 198 ; Cainl and Co.'s, 

Iv- , i^'juK't, 196 1 Fairbaim's, 198; Peno's, 

iu. tis. 

Piauoa. how to pack, S03. 

Plttg*. fallible, 83. 234. 

Ports uf cylinder, table of area of, 137 ; role for, 

154 : locomotive porta. I&8. 335. 341. 
Potter (ilumphrey), 7. 
Power, 8m Hone Power. 
tmnr, espedknta flar ascertaining the, of an 

•ai^ao, 170. 171. 
Povtr, wpptod loss of, fnmi crank and recipro- 

•adoo, crrooooos, 122. 174. 
Piwnuc of steam at different temperature^ S8. 

Sm9u*m. 
PtkHmti't contrivaoM for admitting air lo Pu- 

aatm,49. 



Priming of boilers, 83. 2.^. 245. 250. 

Proportions of boilers, 61. 228, 229. 

Pump, cold-water, 143. 

Pump, feed, 142. 

Pump valves, 174. 

Pumping, or single-acting engines, 8. 10. 13. 
1*3, 174 : setting out the engine house, 
foundations, method of building lever wall, 
spring beams 202 ; erecting the engine, mak- 
ing the joints, packing the piston, management 
of the engine, 2u3, 2U4 : management of the 
fire, 304 ; valve gearing of, at Chelsea water- 
works, 205; Sims' double cylinder engine, 
205 ; valve gear of engine at Vauxhall water- 
works, 205, 206 ; advantages of the planger- 
pump, except for the lowest lift which is made 
by a lifting- pump, so that the valves may 
not be inaccessible if the water accumulates 
in the mine, 2U6 ; great weight of pump-rods in 
Cornish engmea, 206 ; performances of Cornish 
engines, 206. 

Putty for soft joints, 204. 

Queen steamer, boilers of, by Messrs Rennie, C8 ; 
direct-action engines of, by Measra. Fawcett. 
Preston and Company, 181. 

Reciprocation of engines no loss of power from. 

173, 174. 
Regulator, steam, of locomotives, 334. 
Rennie (Messrs. ), boilers by, 68, 69 ; Cornish, 70 ; 

direct-action engines of Sampson, 180, 
Retribution steamer, boilers o£ 76, 77, 78 ; en- 
gines of, 130. 
Revolving grate. Steel's, 50; Brunton's, ."iO; 
BduUou and Watt's, 52. M ; applicability of to 
marine boilers, 70. 
Rods of locomotive pistons, 235; connecting, 

237 ; eccentric, 237. 
Rotatory from reciprocating motion, projects for 

obtaining, 14. 
Rotative engine, 14, 15, 16, 17 ; by Mandslay 
and Field, 174; by Fairboim, 175; by Cainl, 
details of. 208 ; main beam and centres, 208 ; . 
piston-rod cross-head, 209 ; main links, 209 ; I 
parallel motions, 210; connecting-rod, 311; 
fly-wheel, 212; fly-wheel shaft, and crank, 
213; eccentric rod, 213; governor, 214; ma- 
nagement of, 245. 
Rotatory steam engine, ./Eollpile of Hero, and 
Avery's engine, 2 ; Branca's steam wheel and 
Pilbrow's and C^rde's steam wheels, 3. 188, 
189 : Watt's, operating by a column of mercury, 
16 ; Watt's, operating by efflux of water, or 
steam turbine. 17 ; investigation of the action 
of rotatory engines, 123 ; roiaiorv engines by 
Hornblower, 183; Clegg, 183 ; 'Tunier, 184; 
Eve, 185, 186 ; Beale, 186 ; Dundonald ; 186 ; 
Uorrie. 186 : Woods. 187; Yule, 188. Corde. 
188 J Pilbrow. 188, 189. 
Royal CoDsort, steam boilers oC 91, 93. 
Rules pertaining to proportion — 
Governor, to find the prf>per time of revolu- 
tion, 34 ; to determine position of the balls, 
34. 168. 
8tcwn. to find the elastic force, the temperature 
being given. 39. 
to find the temperature, the elastic force 
being given, 40. 
Surcharged steam or gas. to find the volnme at 
different temperatures, the pressure being 
cooatant, 43 ; computation of the economy 
fron the use oC 93, 94. 
Steam pipe, to find diameter oi; 85. 154. 315. 

341. 
Foot and delivery valves, to find area tbroogh, 

315. 
Slide valve, to find how much lap must be given 
to prodnoe a given expansion, and coa- 
versely. 89. 
to find how much before the end of the itrake 
the exhaustion paasage will be eloaed, $9. 
to find at what period of the stroke the steam 
escapes to the condenser, 89. 
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Parallel motion, to find the proportioea at 1 
various parts in various kinda of 1 
100, 101. 

Fire-grate, to find area of, 107, S39. 
Effective beating surface, to hod area tt, HA. 
Flues. 10 find area uf. in smallem part, I06> 
Chimney, to find area of. 45. 108. 109. 
Water in boiler, to find the right qttastxl]r la 

cubic feet, 109. 
Area of water level, to find the right, ■ 

square feet, 109. 
Staam room, to find the proper, in cnbtc IheU 

109. 

Air-pump, diameter of. 1 5.3. SIS; power 1 

site lo work, 215. 24S ; air-pump { 

154. 215 

The air-pump is made larger than 

of the capacity of the cylinder in marine 1 

on account of their irregularity of tuotioo, S48. 

Safety-valves, 154. 198 ; the propoctioas dnw 

at 154. are rather snudl, except Ibr lti|^ 

pressures. 

Working-beams, to find the vib nti oo of <a4 

studs, 209. 
Feed, water requisite for, 3 IS. 
Feed pipe, to find the area of, 154. 
Feed pump, or hot- water putnp. 1 54. 2 1 X 
Injection, water requisite for. S13 ; ar«« of 

orifice, 215; cold-water ptnspk lU, ilk 
Centres, to find the distance fnm 

to centre of cylinder. 209. 
Hoops, to find the length of bar for I 
112. 
to find the length of angle iitMi Ik, 

flange outside. 112. 
to find tbe length of angie iroa Ibr. 
flange inside, 1 1 .1. 
Steam ports of cylinder, area vt, 77. S4,1 

1.54. 157.341. 
Waste steam-pipe, to find the '♦'■"'titr of. 

215. 
Foot and discharge ralve 

154. 315. 
Waste water-pipe, to find the 

1.54. 
Injection-pipe, to find the area at, 154. 
Cold-water pump, 155. SI 5. 
Rules pertaining to strengths — 
Manne engines, parts of crank. IMt. IJ 
paru of paddle-stuiU. Ul. 
crank -pin. 151. 
cross-head, 151. 
piston-rod, 151. 

cross-head gibs and cattrra, 191. 
piston-cutter. 152. 
connecting-rod, 1.53. 
cross-tail buttjs 152. 
cross-tail butt straps, l&X. 
croas-tail butt gibs aixi ewten, I St. 
side-rods, 152. 
side-rod straps, 158. 
side-rod cutters, 152. 
main centre, 152. 
side Icver-stods, 152. 
side lever, 153. 
air-pump cross-head, IftS. 
air-pump rod, whea oopper, or 

metal. 15.3, 
air-pump rod cutters. 153. . 
air-pump side rods, 153. 
air-pump side rod straps sad cattct^ 
Land engines, depth of hmm m cmtn 
209. 155. The | ^'ivea 

rules at 155 are 1 n tlie 

be above the atmosphere, 
depth of beam at ends, 208. 209. ISS. 
thickneas of beam, 308. 15&. 
diameter of end-studs when caal-inML 
diameter of gudgeons, XI ), US. 
diameter of end-studs whea wtvatit^^tm, 

308. 
sectional area of pistnn-n4 M9. 
sectional area of main links. 1U9. 
sectional area of back link*. SItk. 
cast-iron cranks, 156, li'. 
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■ectional areii of cut-iroD connectiag-rod, 

ail. 

cast-iron crank -pins, 311. 
cast-iron fly-wheel shafts, 157. SIS. 
fly-wheels, 158.212. 
teeth of wheels, 213. 
Rnlea respecting locomotives — 

Ports, boiler, safety valve, chimney, fire-grate, 
1 58. 24 1 ; heating surface.waler level, steam 
room, steam pipe, blast pipe, 159. 241 ; pis- 
ton rod, connecting rod, outside and inside 
bearings, crank axle, 160. 241. 
[We do not attach the same value to the mies 
for locomotives as to those for marine and land 
engines, as locomalires are more in a transition 
state : and even while this work is passing through 
the press, some of the dimensions we hare given 
are becoming antiquated, from the establishment 
of express trains and other circamstances]. 
Rust joints, how to make, 327. 

Safety-valves, theoretical investigation respecting, 
S6, 87. 138. 154. 198. Tbe sixes given at 154 
are rather smaller than iisnal : the hirger the 
safety-valves are, the less is the danger of ad- 
beaion. Locomotive safety-valves, 158. 198. 
S34 ; French role for dimensions of, 230 ; ad- 
hesion of, 246. 

Salt gauge, 170^ how to make, 24.V 

Sampson, direct-action engines of, by Messrs. 
Rennie, 180. 

Samuda, belt-crank engine by, 179. 

Savery (Taptun Thomas), engine by, for raising 
water, 4 ; great merits of, as an inventor, 5. 

Scale of boilers, 83 ^ how to prevent formation 
of, 245. 

Seating of boilers, 84. 

Scott, Sinclair, and Co., marine boilers by, 56, 57. 
61, 62. M ; direct-action engines by, 180 ; pis- 
tons by. 193. 

Screw-propeller, 178; engines for direct applica- 
tion to, 324. 

Seaward and Co., dimensions of marine engines 
by, 1 11 ; direct-aclioQ engmea of Cyclops by, 
180 ; piston by, 197. 

Sediment collectors, 69, 70. 78, 79, 80. See Col- 
lecting Vessels. 

Senaible heat. 35. 

Shafts, fly-wheel, of cast iron 157. 212 ; example 
of, 813. 

Shafts, paddle, tabic of dimensioDS of, 126 — 129 ; 
rales for, 151 ; details of, 219. 

Sidelevers,tahleof sizesof, 133, 134; details of, 2 19. 

Side rods, table of sizes of, 133 ; rules fur, 152 ; 
details of, 219. 

Single acting, or pumping engine. See Pumping 
Engine. 

Slide- vaJve, 87 — 91 ; practical rule for bp, Ac, 

89 ; table of strength of gear, ISti ; three-ported, 
199; long I), 199; short D, 199 ; piston valve 
with skewed ports, 199; equilibrium slide by 
Rennie and Penn, 199, 200; faces, 217 i ex- 
pansion slides. See Expansion Gear. 

Slide-valve, how to set, 225. 238. 

Smeaton, imperfect success of his first engine, 
and the candour of a great mind respecting it, 
7 ; experimeatal engine at Austhorpe, con- 
sumption of coal by, 7 ; relative efficacy of dif- 
ferent kinds of coal, 7 ; Long Benton and 
Chase Water engines, 8 ; various improvements 
in steam engines by Smeaton, 8 ; performance 
of bis eof;ines — haystack boiler, 8, 9. 

Smith's smoke-burning furnace, 51. 

Smoke^ nature of, 36. 

Smoke box. 233. 

Baioke- burning, 37, 36. 

8Doke-bumin^ furnaces : Papin'a, Delasme's, 
Franklin's, Watt's, Thompson's, Murray's, and 
Pritchard's contrivances for regulating the 
admission of air, Williams', Moult's, Losh's, 
Walker's, 49 ; Steel's, Brunton's, Stanley's, 
Jeffrey's, Evans'. Ivison's, Chanter's, Jnckes', 

90 ; Waddington's, Smith's, Godson's, 51 ; 
Boulton and Watt's at victualling-yard and 
Buk of England, 52, S3. 
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Sole-platc and condenser, 2 18. 
Solway steamer, boilers of, 61, 62. 
Southern (Mr.), experiments on temperature and 
clastic force of steam, by, 38, 39. 

Spare gear, how to preserve, 226; arrangement 
of, 249. 

Sptcific heat, 35. 

Speculum metal, 228. 

Spontaneous combostion, 249. 

Stanley's fire-feeder, 50. 

Starting-gear, varieties, of, 221. 

Staying of boilers, 68. 83. 230, 231. 

Steam engine: Hero's. 2 ; Branca's, 3 ; De Garay's, 
3 ; Marquis of Worcester's, 3 ; Savery's 4, 5 ; 
Papin's, 6 ; Newcomen's, 6, 7 ; Beighton's, 7 ; 
Leupold's, 7; Smeaton's, 8; Watt's 10 — 22 j 
Hornbiower's, 13; Thompson's, 15; Sberratt's, 
> 5 ! Cartwright's, 1 5 ; Albion mills rotative 
engine by Watt 1 7 ; sector engine by Watt, 18 ; 
trunk engine by Watt, 18; locomotive engine 
by Watt, 18; losses by present steam engine, 
93 ; theory of (see Theory) ; varieties of, 173; 
condensing and high-pressure, 173; pumping, 
173; rotative, 174 : marine, 175; rotatory. 182; 
American, 190 ; locomotive, 191 ; method of 
erecting in workshop, • 225 ; OD board-ship, 
226 ; details of, 202. 

Steuni engines: management of pomping, 203; 
rotative und marine, 245 — 250; locomotive, 
25U, 251. 

Steam enjpne, manufacture of, 243, 244. 

Steam engine, rotatory, 182. See Rotatory. 

Steam dome of locomotives, 233. 

Steam, expnnMon of. See Expansion. 

Steam, remedies for insufficiency of. 245. 

Steam guage, 170. 

Steam hammer by Watt, 18. 

Steam jacket, advantage from use of^ 173. 
215.' 

Steam pipes, area of, H4, 85 ; table of, 138. 154 ; 
best material fur, 93; details of; 223; ateam 
pipes of locomotive."!, 233. 

Steam ports and passages, area of, 77. 84, 85; table 
of area of, 137. 

Steam regulator of locomotives, 234. 

Steam room per horse power in boilers of Great 
Western, 64 ; to find the right quantity in 
cubic feet, 109. 

Steam surcharKed, 42. 93. 

Steam, table of pressure of, at different tempera- 
tures, 23 ; table of temperature of, at different 
pressures, 23 ; forraula? for temperature and 
elastic force, 38 — 42; mechanical effect of, 120. 

Steam vessels, economy io working, promoted by 
large power with small boilers, whereby io ad- 
verse winds and tides the full pressure may be 
used, and expan.sron to be used in favourable 
winds or in calms, 73. 

Steamers on the Mississippi, 189. 

Steel, cohesive strength of, 27 ; method of making, 
227; tempering of, 228 ; softening of, 238; re- 
covering, when burnt, 228. 

Steel's revolving grate, 50. 

Stephenson (R. and Co.), locomotive engines by, 
192: locomotive piston by, 195; link motion 
by, 238. 

Stevenson (Mr.), account of the steamers on Mis- 
sissippi, by. 189. 

Store closets and engine stores in steam vettela, 
249. 

Strains and strengths, 101 — 107. 

Strength: of materials. 25, 36. 27 ; of boilers, 82, 
83 ; rules for, 230; of parU of cnginea, 106, 
107 («e« Tables and Rules) ; of cast iroo. See 
Cast Iron. 

Studs of side lever, table of sixes of, 133 ; rales 
respecting, 153. 

Stuffing-box, proportions of, 316 ; with lantern 
brass, 173. 216; of oscillating engine. 216; 
with metallic pocking, 216; with sheet brass, 
packed behind with hemp, 216. 

Son and planet wheels, 17. 

Soroharged steam, rule for computing volume of, 
42. 93. 

Sydenham steamer, boilera of^ 65. 
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Tables, miscellaneons : — 

Pressure of steam at different temperatarea» 

&c., 23. 
Areaa of circlec, 24. 
Expansion of air by heat, 25. 
Hyperbolic logarithms, 25- 
Strengths of iron and other metals, 25, 26. 

27. 
Motion of falling bodies, 29. 
Power of various kinds of coal, 82. 
Strengths of iron and copper boiler plates, 

by Franklin Institute, 82. 
Circumferences for angle iron hoops, 112, 
113. 
Tables, practical ; — 

Pro|X)rtioos and performances of various 

boilers, 81. 
Efficiency of fuel with various degrees of 

expansion, 81. 
Lap on slide-valve required to produce a 

given expansion, 90. 
Nominal horse-power, 96, 97. 214. 
Dimensions of Maudslay's marine engines, 

111. 
Dimensions of Seaward's marine engines. 

111. 
Dimensions of locomotives, 114, 115. 
Marine engines : — 

Crank (malleable iron), breadth of web of, 

at paddle centre, 125 ; thickness of large 

eye of, 126 ; thickness of web of, at paddle 

centre, 127. 

Paddle-sfaafll (malleable iron), diameter of 

joumnl, 128. 
liCngtb of joumol, 129. 
Dimensions of cross-head, piston-rod, and 

connecting-rod. 130, 131. 
Varioiu ratios and dimensions, ISS. 
Side lever (cast iron), depth at centre, 134, 
Side-rods, side-lever, and lever-studs, 133. 
Air-pump rod (copper), and cross-head, 135. 
Valve gearing and parallel motion, 136. 
Area of steam port, 137. 
Areas of pipes, passages, and valves, 18S, 
139. 
Land engines: — 
Depth of main beam (cast iron) at centre. 
140. The dimensions here given are too 
light 'if the pressure be above the atmo- 
sphere. 
Depth of main beam at ends, 141. 
Content of feed pump, 142. 
Content of cold-water pump, 143. 
Thickness of large eye of crank (cast iron), 

144. 
Breadth of crank at centre of fly-wheel shaft, 

145. 
Diameter of fly-wheel. 147. 
SectioDal area of fly-wheel rim, 148, 149. 
Tables, expbination of, I50>— 158. 
Tagiu steamer, boilers of. 66. 
Tay steamer, engines of. 175. 
Teeth of wheels, proportions and strengths of, 

213. 
Temperature of steam at different presstires, 23, 
Tenders of locomotives, 236. 
Tevtot steamer, engines of. 175. 
Thatnea steamer, boilers of, 60, 61 ; piston of, 

198. 
Theory of the steam engin«, formula for tem- 
perature and elastic force of steam, 38—42 ; 
surcharged steam, 43- 93; motion of clastic 
fluids, of steam in pipes, and air in chimneys, 
43. 44, 45; area of steam passages, 77. 84 ; 
loss of heat from steam pipes, 85 ; dimensions 
of orifice in boilers requisite to enable steam to 
escape for saflety, 86, 87 ; action of slide-valve, 
87 — 91 : expansion, 12. 94. 118, 119 ; parallel 
motion, 95. 98, 99, 100; strengths, 101—107 ; 
theory of the crank, 121, 122, 123, 124 ; prin- 
ciple of action of the fly-wheel. 165; principle 
of operation of the govemor, 166, 167. 168; 
water requisite for feed and condensation, 215. 
Thompson (Francis), double cylinder atmospheric 
engine of; 15. 

88 
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Thompwa (WUlkm), nnok«-baniing furnace of, 

49. 
Throttle tiItc, 18 ; effect of partlj cloning, 245. 
Tud Kod Mocgregor, boilera by, 9i. 92 ; dlrect- 

MtioB cagmcs bjr, 179. 
Trent wd wi iteaineT*, purton of, 197- 
Tmuiio&t of oacillAtiog vngint^ 324. 
Tabca fiv boilen, relativ« iniTit« of iron and 

braa, 64 \ fixing and fenliDg, 239 ; locomotive, 

9M. 
Tubular boilen, 63. f>\ 66, 67,68, 69, 70, 71, 

72. .SV lioileni. 
Tubular boilers with upright tnbes, 68, 69. 
Turner, rotatory engine by, 184. 
Twt^ed tteamer, engines of, I JH. 

Unicom steamer, boilers of, 58, 59. 

Vacuum gaogc*. 170. 

Valve caiingt ibould have fiincet joint«, 217. 

Valve gearing of Watt'i lingle-acting engine, 
1 1 ; of engine with pifton naing in vacuo, 1 1 ; 
of Albion milla, 19; Murdoch's, 19; of Cor- 
nish engine, 173 -, of oscillating engine, 224 ; of 
locomotives, 237. 238 ; what to do if deranged, 
251. 

ValTea, air pomp, of canvass, 1 74 ; area through, 
215; details of, 217. 

Valves, eqailibriom, oatare ol^ 173. 

Valves, iiOection, 223. 

Valves, Kingston's, 223. 

Valves of locomotives, 198. S34, S95; steam 
valves, how to set, 239, 240. 

Valves, pomp, 174. 222. 

ValiPM,aaftt7,theof«tieal investigation respecting, 
86, 87. 138. 154. 198. 5m Safety-valves. 

Valves, slide, investigation of the action of, 87, 
88. 89. 90, 91 ; practical rules for lap, expan- 
sion, &c., 89 i table of dimensions of gear, 136; 



three-ported, 199; !ong D, 199; piston-valTe 
by Maudslar, 198; piston-valve with skewed 
ports, 199; equilibrium slide by Rennie and 
Penn, 199, 200 ; expansion slide of Berenice, 
200;GonxenbBch's.200 ; Cabrey's, 200; White- 
law's, 201 ; Mayer's, 201 ; Bourne's, 201 ; attach- 
ment of end of short D valve-rod, 217 ; packing- 
port and cross-bar for, 217; method of lightening 
▼alve-'packing, 217 ; method of preventing 
leakage at comers, 217; distortion of calve 
hce by unequal expansion, 217 ; various met- 
als used for valve foces, 217; effect of copper 
and iron iteam-pipes upon, 217; method of 
finishing valve faces by scraping and grinding, 
217: powdered Turkey oil-stone used by some 
for finishing the grinding instead of floor 
emery ; method of repainng flaws in valves 
and cylinders, 217; method at attaching brass 
valve-fkcea, 217. 

Valves, stop, 223. 

Variable expansion gear of locomodvea, 900. 236. 

Waddington's srookc-buming furnace, 5 1 . 

Walker's smoke-burning furnace, 49. 

Waste steam-pipe, to find diameter of, 139. 154. 

Waale irater-pipe, to find diameter of, 139. 154. 

Water required for feed, a cubic inch of water 
makes a cubic foot of steam, 215. 

Water required for condensation, 215. 

Water evaj orated by various boilers, 81. 

Water in boiler, to find the qoantity of, 109. 

Water sorftce of boilers, proportion of, per horse 
power, 48. 109. 

Water gaogv, 170 ; of locomotivea, 235. 

Watt (James), phJosophicai inatnunent-maker at 
Glasgow, experiments on a model sent to him 
for repair, association with Dr. Roebnck, his 
fir«t patent, transfer of Roebuck's share in 
the jUcDt to Booltoo, 10; condensation by ex- 



ternal cold, application of the ej Under 
and steam jacket, engiae with 
in vaeuOf BooUoa's rale for 
fiiel in Watt's enginesi, 1 1 1 dia um w y of tha 
principle of expansion, 12 ; single-acting ngas 
introduoed into Cornwall, and patent infiiafal, 
13, 14 ; litigation. 14 : introdnctioa of the 
crank, 14. 16, 17; Albion mill cagiBca,!?; 
sun and planet wheels, i 7 ; parallel nsotioa, I*. 
18; throttle valve, 18; governor, 18; E^aa* 
menu of Watt's genius, tbe Shakcapaa«* a# 
tnecbanical science combining iraagiaacioa vM 
judgment, fondness for self-crealcd ■!■• 
arises from penury of imagioatioB. WaB^ 
eminence partly due to his miscellaaeooa knaw- 
ledge and absence of technical training; UH 
JeSnj't account of Watt, profundity of Wis'i 
investigations, 21 ; principle of action «#aNMS 
engine perfected fa^ him ; thoqch thr MHI 
engine be superteded, his name viU iiv«i taaft 
of the great improvements of the »g» haw hal 
their origin or practical developoeat at tad- 
ton and Watt's ; collateral benefiu of Wgai 
invention in reconciling strength with acranry 
of manuiacture. Watt's per*oiial characarr. 
necessity of imagination lor the rn^orrt as 
well as knowledge of facts, 22 ; Wall's fatcm 
for burning smoke, 49. 

Wheels, locomotive. 2^6. 

WlUiams's smoke-burning furnace, 49. 

Wire bonnet for locomotive chimney's, 23i 

Wladimir steamer, boilers oC 74. 

Wood's rotatory engine, 187. 

WoolTs double cylinder engine, \7X IT^. 

Working-beams. See Beama ani Slain ii^ant. 

Yule's rotatory engine, 188. 
Zephyr steamer, boiler of, 70. 
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